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Abstract 
ABSTRACT 
The Waipara catchment, North Canterbury, New Zealand is currently experiencing rapid 
intensification in land use from pastoral farming to viticultural, horticultural and lifestyle 
activities. This intensification has lead to escalating demand for water which has created 
challenges for the Waipara community and the water managers. Sustainable and effective 
management requires both a thorough understanding of the physical environment and 
consideration of the needs of society. This study has been undertaken to assist 
management by quantifying the water resources, determining current water use and 
identifying the key issues facing management. 
Limited precipitation and high evapo-transpiration rates dominate the area's water resources 
resulting in very limited runoff and significant soil moisture deficits over the summer months. 
The surface water resources of the area are over allocated with potential abstraction rates far 
exceeding normal summer flows. The last five years has seen the rapid development of 
groundwater as landowners look for alternative irrigation supplies. · The groundwater 
resources are very complicated and highly variable consisting of small discrete buried river 
channels. Recharge rates are very low which questions the long term sustainability of 
groundwater resource. 
There is a need to move towards integrated catchment management where science and the 
community work together to create workable and appropriate solutions. The Waipara 
community are already highly active in water management. Similarly, recent science has 
improved understanding of the resources. Water managers need to cease the opportunity 
and begin the process of developing a holistic catchment management plan. 
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SECTION ONE 
INTRODUCTION AND DESCRIPTION 
OF THE STUDY AREA 

Chapter One - Introduction 
1.2 PREVIOUS WORK 
1.2.1 THE WAIPARA CATCHMENT 
Wilson (1963) provides the most comprehensive description of the geology of the Waipara 
area. More recent investigations (Harris, 1983; Nicol, 1991; Campbell and Nicol, 1992; Nicol 
et al., 1994; Nicol and Campbell, 2001) have explained how regional tectonic activity has 
influenced the geomorphology of the Waipara area and have provided some indication as to 
the timing of events. In June 2000 the Natural Hazards Research Centre of the University of 
Canterbury produced a revised geological map of the Waipara Area (Jongens, 2000) at a 
scale of 1:35,000 which represents all the geological mapping that has occurred over the .last 
15 years. Loris (2000) represents the most complete and up-to-date summary of the geology 
and hydrogeology of the lower Waipara catchment. Loris' work along with seismic surveys 
currently being undertaken in the Omihi Valley (Finnemore and Pettinga, in press), represent 
the current state of knowledge in relation to the geology and hydrogeology of the lower 
catchment. 
The first significant study on the hydrology of the area was undertaken by Heiler et al. (1977) 
as part of the planning for and development of the Glenmark Irrigation Scheme. Heiler 
callbrated a mathematical runoff model to extend the flow record from Weka Creek. Over the 
last 10 years Environment Canterbury and its predecessors, have produced a number of 
published and unpublished reports on the water resources of Waipara, as well as maintaining 
various databases. The most significant of these was Horrell (1992), which provided a 
thorough assessment of the water resources of the whole catchment. 
A number of studies have been undertaken on the general weather patterns of North 
Canterbury (Goulter, 1982; Sturman, 1986; Ryan, 1987). However, the only detailed study of 
precipitation in the Waipara Catchment was Horrell's (1992) work. 
The soils of the area were initially mapped by the New Zealand Soil Bureau during the 
general mapping of the soils of the South Island. As part of this process a detailed report 
was produced for the soils of the Kawai County which covered the area south of the Waipara 
River (Fox et al., 1964). Griffiths (1980) undertook a detailed remapping of the soils of the 
Waikari District to the north of the catchment. As part of the development of the Glenmark 
Irrigation Scheme, the soils present in the catchments of Home Creek, Omihi Stream and 
Weka Creek were mapped and their runoff characteristics estimated (Heiler et al., 1977). 
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1.2.2 CATCHMENT STUDIES AND WATER RESOURCE MANAGEMENT 
The value of holistic whole catchment studies to quantify the impacts of both natural and 
anthropogenic change on land and water resources is well recognised (Australian 
Representative Basins Program, 1982; Bowden, 1999; Thompson, 1999). The 
establishment of New Zealand's representative basins programme between 1964 and 1976 
(Toebes and Palmer, 1969; Toebes and Morrissey, 1970; Rodda, 1976) was a direct result of 
the desire to collect hydrological information for use in planning, resource management and 
environmental monitoring. 
Integrated (or total) catchment management is widely recognised as an appropriate means 
for achieving sustainable management of water resources (Mitchell, 1990; Bowden, 1999; 
Loucks et al., 1999; Brizga and Finlayson, 2000; Memon, 2000; New Zealand Ministry for the 
Environment, 2000). An integrated approach to environmental management has been 
formalised in New Zealand through the enactment of the Resource Management Act (RMA) 
in 1991, which brought the management of land and water resources under one over-arching 
piece of legislation. To date, the practical application of the RMA has not generated the 
expected level of integration (Frieder, 1997; Bowden, 1999). The development of Catchment 
Management Plans via participatory approaches is seen as a method for achieving this 
integration. 
Environment Canterbury and its predecessors have produced catchment plans for the 
Waimakariri and Opihi Rivers (Canterbury Regional Council, 1995 & 1995a) and are 
currently developing a management plan for the Ashley River which is situated immediately 
south of the Waipara catchment (Mosley, 2001 & 2001a). Environment Canterbury are also 
currently reviewing their water allocation and management strategies. "Water Our Future" 
(Canterbury .Regional Council, 1999) summarises the review process and outlines how 
Environment Canterbury plans to allocate and · manage water resources throughout 
Canterbury. The only formal catchment planning that has been undertaken in the Waipara 
area was the publication of an issues and options document (Canterbury Regional Council, 
1993) which provided a brief summary of the area's water resources and highlights some of 
the management issues. 
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1.3 THE ISSUES 
Over the last 20 years the Waipara catchment has experienced a rapid transformation in land 
use from pastoral farming to increased afforestation in the upper catchment and increased 
viticultural, horticultural and lifestyle activities in the lower catchment. This has led to a 
significant increase in the use of water (particularly groundwater) within the catchment. Many 
of the area's boreholes have very low yields, experience significant drawdowns during 
pumping and a number of the area's shallow wells go dry during periods of drought. 
Information suggesting that the groundwater resource is of limited size with slow recharge 
rates has raised concerns over the sustainability of groundwater use. Likewise the 
catchment's surface water resources are already heavily allocated. Low flow requirements 
for ecological purposes result in uncertainty for surface water abstractors who are required to 
cease abstraction when river flows drop below set values. Uncertainty of water supply has a 
large economic impact on users especially where high value crops are concerned and results 
in significant financial risk. Demand for the Waipara's limited water resources is already very 
high and is projected to increase, due to on-going land development. There is strong public 
pressure and mounting scientific evidence to suggest that the Waipara's water resources 
need to be managed very carefully. 
The Resource Management Act 1991 delegates overall responsibility for the management 
and allocation of Waipara's water resources to Environment Canterbury, with the Hurunui 
District Council responsible for domestic water supply and land usage within the catchment. 
The lack of a holistic integrated catchment management plan has resulted in Environment 
Canterbury managing the allocation of the area's water resources via resource consents 
issued under the RMA. The increasing demand for water is placing increasing strain on the 
resource consent process with the last major surface water abstraction consent going to a 
hearing of the Environment Court. 
1.4 AIMS AND APPROACHES 
This study is undertaken to assist in the development of an integrated management plan for 
the Waipara catchment by providing information on the extent of the catchment's water 
resources and the issues associated with their allocation and management. The four major 
aims of this study are: 
1. To accurately describe the extent of the surface water and groundwater resources of 
the Waipara Catchment and to complete a water balance for the catchment; 
2. To identify current water use within the catchment; 
3. To outline the main issues faqing water management in the catchment; and 
4 
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4. To make management recommendations to ensure that the water resources of the 
Waipara catchment are. managed in a sustainable and efficient manner. 
Water quality is not considered in this study and throughout this document water 
management should be taken as referring to management of the quantity and allocation of 
water resources. 
In describing the area's surface water resources, precipitation and evapo-transpiration 
records from the surrounding rainfall and climate stations are collected and analysed to 
produce both a precipitation map for the catchment and soils water balances for various 
sites. The flow characteristics of the Waipara River and its major tributaries are determined 
from flow measurements undertaken at various sites throughout the catchment. 
Details from recently drilled boreholes are used to update knowledge of the groundwater 
resources of the catchment. Two regional potentiometric surveys are undertaken to assess 
the change in groundwater levels over the 2000-2001 summer irrigation period. Similarly, 
three continually monitored water level sites are established in boreholes on the Glasnevin 
Flats to assess short term fluctuations in groundwater water levels. 
Current water use within the catchment is determined from a detailed review of Environment 
Canterbury's consent files, interviews undertaken with all the consent holders and interviews 
with local landowners. Water use within the catchment has increased significantly over 
recent years due predominantly to changes in land use. Land use maps for 1976 and 2001 
are produced as a means of documenting the land use changes and a predicted .2025 land 
use scenario is developed to assess future water demand. 
The issues associated with managing the water resources of the Waipara catchment are 
determined from analysis of existing water usage, the extent of the resources, and interviews 
held with staff of Environment Canterbury and the Hurunui District Council and 
representatives from key stakeholder groups. During this process the existing monitoring 
programmes established by Environment Canterbury are reviewed. 
To facilitate future use of the information collected during this study wherever possible 
ArcView GIS (Geographical Information Systems) is used to store and present the data. 
The study is being undertaken in association with Environment Canterbury and the Water for 
Waipara Group, and it is hoped it will directly feed into the knowledge base used for 
managing the water resources of the Waipara catchment. 
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1.5 THESIS STRUCTURE 
This document is separated into four sections and eight chapters as outlined below. 
SECTION 1 
Chapters 1 & 2 
Introduction and description of the Study Area 
SECTION2 
Chapters 3-6 
Water Resource Model 
SECTION3 
Chapter 7 
Waipara Water Resource Management 
SECTION4 
Chapter 8 
Summary and Conclusions 
Figure 1-2 Thesis Structure 
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2 - THE STUDY AREA 
2. 1 OVERVIEW 
The study area is the catchment of the Waipara River, on the northern fringe of the 
Canterbury Plains, South Island New Zealand (Figure 2-1 ). The catchment covers 740 km2 
·and consists of foothills, an inland plain formed by the Waipara Alluvial Basin and a series of 
coastal hilts. To allow the assessment of groundwater flow out of the catchment the study 
area is extended to cover the Gtasnevin Flats which lie to the south of the Waipara 
catchment. 
2.2 PHYSIOGRAPHY 
The Waipara River is the main hydrological feature of the area. It flows approximately 70km 
from its source in the eastern foothills of the Southern Alps to its entrance into the Pacific 
Ocean at the northern end of Pegasus Bay. The catchment can be separated into two 
distinct parts; the steeper more rugged Upper Catchment and the Lower Catchment which 
covers the Waipara Alluvial Basin. 
The Upper Catchment is bounded by the Cavendish Hills to the northwest (which include 
Mount Mason 853 m), the Okuku Ranges to the west (The Brothers 1092 m), and Mount 
Karetu (972 m) and Mount Grey (934 m) to the south. To the east, the Upper Catchment is 
separated from the Lower Catchment by the Doctors Hills (800 m), North Dean (573 m) and 
South Dean (571 m). The Upper Catchment is drained by four major tributaries: the North, 
South and Middle Branches of the Waipara River, and Tommys Stream. Between the 
Doctors Hills and the Okuku Range, the North Branch of the Waipara River flows south 
through the Upper Waipara River Valley. This valley extends to the north past the township 
of Masons Flat into the Am uri Plains (Figure 2-1 ). 
The Lower Catchment is bounded by the Coastal Hills to the east (which include Mount Cass 
525 m and Centre Hill 558 m), the North and South Dean to the west, and Mount MacDonald 
(491 m) and Moores Hill South (442 m) to the.riorth. The area is dominated by the wide flat 
plains of the Waipara Alluvial Basin which extend to the south over the Glasnevin Flats. The 
Lower catchment is drained by two main tributaries Omihi Stream and Weka Creek (Figure 
2-1 ). 
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2.3 GEOLOGY 
The rocks of the Waipara Catchment were deposited during three distinct periods separated 
by major tectonic activity. The basement rocks consist of compacted sandstones and 
mudstones (graywacke and argillite) intermixed with sparse conglomerates and volcanics 
that were deposited during the Triassic and Jurassic. A period of metamorphism (Hokonui 
Orogeny) and several periods of erosion followed which are represented by a major 
unconformity in the rock record. The second period of deposition occurred from the mid 
Cretaceous to early Pleistocene when a marine transgression~regression sequence was 
deposited, which resulted in the Tertiary sandstone, mudstone and limestone rock units 
present within the catchment. A period of erosion followed which is highlighted by a second 
unconformity in the rock record. The onset of the Kaikoura Orogeny in the late Pleistocene 
resulted in rapid mountain uplift and extensive folding and faulting. Deposition of extensive 
fluvial and glacial gravels derived from erosion of the rapidly uplifting mountains, represents 
the final phase of rock deposition (Wilson, 1 963; Gregg, 1 964; Nicol, 1991 ). Ongoing local 
and regional deformation due to the Kaikoura Orogeny, results in the continued formation 
and growth of numerous folds (synclines and anticlines) and faults. A stratigraphic column 
for the area is presented in Figure 2~2. 
The area is highly deformed with extensive folding and faulting associated with the nearby 
obliquely converging plate boundary between the Pacific and the Australian Plates. The 
main structural feature of the catchment is a series of northeast - southwest trending 
syncline and anticline pairs with associated fault traces formed by the compression and 
distortion of the pre-Cretaceous basement and Cretaceous-Tertiary sedimentary rocks. The 
anticlines have central ridges of basement graywacke and argillite and are flanked by the 
Cretaceous-Tertiary sedimentary cover (Wilson, 1 963; Yousif, 1 987; Nicol et al., 1 994; AI-
Daghastani and Campbell, 1 995). The southwest plunging Waipara Syncline forms the large 
Waipara Alluvial Basin in the lower catchment, while the north to northeast plunging 
Macdonald syncline forms the upper Waipara river valley. Movement along various fault 
traces has resulted in displacement and distortion of the synclines although their general 
shape is easily recognised in the Geological Map for the area (Figure 2-3). Both synclines 
have been extensively infilled by fluvial and glacial gravels which forms the wide flats of the 
Omihi Valley, Glasnevin Flats and Masons Flat. 
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2.4 GEOMORPHOLOGY 
The western portion of the upper Waipara Catchment is dominated by steep rugged terrain 
with slopes of 25-35° and incised mountain streams flowing down "v'' shaped valleys. The 
area covers the eastern drainage faces of the Cavendish Hills, the Okuku Range, Mount 
Karetu and Mount Grey which rise to over 1 OOOm above mean sea level. The valley floors 
are incised and· represent streams downcutting through rapidly uplifting terrain. 
The geomorphology of the mid and lower Waipara ·Catchment is dominated by the series of 
northeast-southwest trending syncline-anticline pairs. The synclines form the upper Waipara 
river valley and the Waipara Alluvial Basin, while the Doctors and Mount Cass anticlines form 
structural highs which flank the Waipara Alluvial Basin to the west and east respectively. 
Both anticlines are asymmetrical with steeper western limbs and more gently sloping eastern 
limbs as shown in the cross section in Figure 2-3. 
Substantial infilling of the two main synclines by fluvial and glacial gravels resulted in the 
formation of large fan deposits and flat aggradational surfaces, the Mid Waipara Surface 
(Nicol and Campbell, 2001) and the Canterbury Surface (Wilson, 1963). Gravity (Loris, 
2000) and seismic surveys (Finnemore and Pettinga, in press) suggest that gravels have 
infilled the Waipara Alluvial Basin to a depth of over 200m. Downcutting by the Waipara 
River and its tributaries resulted in various degradation surfaces (Wilson, 1963; Nicol and 
Campbell, 2001). 
The Waipara River flows generally west to east crossing the syncline-anticline fold pairs. 
The river changes from a narrow deeply incised channel across the anticlines to a wide 
braided riverbed across the larger synclines (Nicol and Campbell, 2001 ). Downcutting by the 
river over the anticlines has formed three prominent gorges: Ohuriawa Gorge, White Gorge 
(Nicol, 1991; Nicol and Campbell, 2001) and the Lower Gorge (AI-Daghastani and Campbell, 
1995). The presence of the gorges suggests that the Waipara River is an antecedent river 
and is geologically older than the uplifting which caused the formation of the Waipara Alluvial 
Basin. 
2.5 SOILS 
The varied geology and topography of the Waipara area causes a high degree of variability 
in the soil types present within the catchment (Figure 2-4). Soil type mirrors geology with 
shallow gravely silt loams derived from graywacke and argillite rocks covering the Okuku and 
Cavendish Ranges in the west of the Upper catchment as well as the central (higher) 
sections of the Doctors and Mount Cass anticlines. Moderately deep often calcareous sandy 
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loam and clay loam soils derived from Tertiary sandstones, mudstones and limestones cover 
the rolling hills that flank the anticlines. The extensive fans that extend from the structurally 
high anticlines into the synclines are covered by shallow stony loam and sand soils at their 
crest and deep silty loam soils at their toe. The presence of buried soil layers within the fans 
indicate that fan building occurred over a number of phases. The older fans are generally 
derived from the erosion of loess and marls and contain finer material which produces silty 
soils. The middle age fans result from the erosion of sandstones and produce sandy loam 
soils whereas the youngest fans are the result of erosion of graywacke gravels and produce 
gravely sandy loams and sands. The valley floors are covered by intergrade soils consisting 
of various upslope soils mixed with recent soil?. They are extremely variable and range from 
deep fertile clay loams in the mid reaches of the Omihi Valley to shallow stony silt loams 
adjacent to the Waipara River (Fox et al., 1964; New Zealand Soil Bureau, 1968; Griffiths, 
1980). 
A fragipan or compacted layer of subsoil has developed within many of the soils of the area 
that impedes drainage and root penetration. The fragipan varies in thickness but is usually 
approximately 25 em thick and is situated at a depth of 40 to 60 em below the ground surface 
(Griffiths, 1980). The pan hinders vegetation growth by trapping roots in the upper portion of 
the soil profile which rapidly dries out during the summer months. The presence of the pan 
has necessitated ripping during the development of most of the area's vineyards. 
2. 6 VEGETATION AND LAND USE 
To document current vegetation and landuse in the Waipara catchment a 2001 landuse map 
age (Figure 2-5) was produced using Arcview. The veg~tation layer of the digitised New 
Zealand Land Resource Inventory was used as a base which was refined using aerial photos 
held by Environment Canterbury (taken during 1995 at a scale of 1 :27,000) and ground 
truthing. 
The Waipara catchment is predominantly covered by high producing pasture and crop land 
(Table 2.1 and Figure 2-5). The steeper sections of the upper catchment and the tops of the 
Doctors Hills, the Deans, Mount Macdonald and the Coastal Hills are covered with short 
tussock vegetation, scrub (Manuka Leptospermum scoparium, Kanuka Leptospermum 
ericoides and Matagouri Discaria toumatou) and rough introduced grassland. Small 
remnants of the once widespread black beech forest with totora and hardwoods remain in 
isolated gullies. 
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The steeper more rugged sections of th.e catchment are utilised for large run pastoral sheep 
and cattle farming. Intensive grazing (of predominantly sheep but also deer, cattle and 
ostrich), cropping, viticulture and other horticultural activities occur on the rolling hills and 
river flats. Exotic forestry of almost exclusively Pinus Radiata represents a small but growing 
land use within the catchment. 
2.6.1 VEGETATION AND LANDUSE CHANGE 
Significant land use change has occurred in the catchment over the last 25 years {Table 2.1). 
To document this change a landuse map was produced for 1976 (Figure 2-6) using aerial 
photos held by Environment Canterbury taken during 1976 at a scale of 1:10,000. In 1976 
there were no vineyards or olive groves in the catchment and the area irrigated was very 
limited. The development of irrigation {the Glenmark irrigation scheme in the 1980's and the 
recent sinking of numerous boreholes) has lead to extensive areas of the lower catchment 
now being utilised for viticulture, olive groves and other horticultural activities. Similarly, the 
increase in popularity of lifestyle occupations has resulted in a number of larger properties 
being subdivided into lifestyle blocks particularly around Waipara Township and the southern 
portion of the Glasnevin Flats. 
'" Table 2.1 Landuse within the Waipara Catchment & Glasnevin Flats 1976-2001 comparison 
Areas determined from the landuse maps (Figure 2-5 and Figure 2-6) 
Land Use 2001 
% 
Urban Spaces 93 0.1 93 0.1 0 0.0 
Bare Ground (River Bed) 327 0.4 327 0.4 0 0.0 
Mine Dumps 9 0.0 9 0.0 0 0.0 
Inland Water (Dams and Lakes) 2 0.0 19 0.0 17 0.0 
Wetlands 10 0.0 10 0.0 0 0.0 
Coastal Sands 29 0.0 29 0.0 0 0.0 
Willows 597 0.8 556 0.8 -41 -0.1 
Olive Groves 0 0.0 107 0.1 107 0.1 
Vineyards 0 0.0 342 0.5 342 0.5 
Irrigated other (crops, pasture etc) 41 0.1 739 1.0 698 0.9 
Prime Pasture 42681 57.7 40001 54.1 -2680 -3.6 
Tussock and Native Pasture 17008 23.0 16609 22.4 -399 -0.5 
Scrub 8684 11.7 7723 10.4 -961 -1.3 
Indigenous Forest 1102 1.5 1079 1.5 -23 0.0 
Planted Forest 3413 4.6 6353 8.6 2940 4.0 
Lifestyle Blocks 0* 0 1377* 1.9 1377 1.9 
Total 
* excluded from the total as lifestyle blocks are already classified according to their landuse 
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2.7 CLIMATE 
In 1993 the Canterbury Regional Council summarised the climate of the Waipara area as: 
'Winters are cool with frequent frosts and occasional snow, especially about the foothills. 
Summers are warm and occasional hot north-westerlies may raise temperatures above 30 °C.' 
(Canterbury Regional Council, 1993, p14). 
Average annual precipitation varies from over 11 00 mm along the Okuku Range in the upper 
western sections of the catchment to slightly over 600 mm at Waipara Township. 
Precipitation in the area is predominantly associated with airflow from the south-west, south-
east and east, although the very upper sections of the catchment are situated on the edge of 
the north-west rain belt and experience minor amounts of precipitation from the north-west. 
Precipitation occurs fairly uniformly throughout the year with March, July and August being 
wetter and January, February and September drier (N IWA, 1998). High temperatures and 
hot dry winds from the northwest during the summer months result in potential evapo-
transpiration (PET) rates reaching up to 200 mm/month (NIWA, 1998). Records from the 
Waipara West Vineyard climate station in the lower catchment indicate that on average, 
monthly precipitation only exceeds monthly pan-evaporation during June and July (N IW A, 
1998). Soil moisture deficits occur from Noverhber through to March which significantly limits 
vegetation growth. 
2.8 HYDROLOGY 
The Waipara River flows from west to east and drains both the eastern flanks of the Okuku 
Ranges and the Waipara Alluvial Basin. Four main tributaries drain the Okuku Ranges the 
North, South and Middle Branches and Tommys Stream. The four tributaries are fast flowing 
have steep gradients and exhibit a dendritic drainage pattern. Two main tributaries (Omihi 
Stream and Weka Creek) drain the Waipara Alluvial Basin (Figure 2-1 ). 
The (1989-2000) mean annual flow in the Waipara River at White Gorge is 3148 1/s. The 
flow pattern is strongly seasonal varying between a mean monthly maximum of 7300 1/s in 
July to a mean monthly minimum of 500 1/s in January. Periodic droughts strongly affect river 
flow with sections of the North Branch, Tommys Stream, Omihi Stream and Weka Creek 
regularly drying up during the summer months. 
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2.9 WATER USAGE 
Water use in the upper catchment is restricted to utilisation of surface water for stock and 
domestic use. There have been no resource consents issued to take either surface or 
ground water from the upper catchment. Presently there is very little stress on the upper 
catchment's water resources. 
In contrast, usage of and demand for water is very high in the lower catchment. There are 
currently 29 resource consents that authorise the abstraction of surface water (including 
hydraulically connected groundwater) from within the lower catchment. The consents allow a 
maximum daily quantity of 124,588 m3 to be abstracted at a maximum rate of 1 ,502 1/s 
(Environment Canterbury Consent Files 1 June 2001 ). A further 22 resource consents 
authorise the abstraction of up to 18,013 m3 of groundwater per day at a maximum rate of 
284 1/s. Significant volumes are abstracted from both surface and groundwater under 
Environment Canterbury's current bylaws that permit landowners to abstract small quantities 
of water for predominantly domestic and stock use. 
Rural water supply schemes operated by the Hurunui District Council provide water for 
domestic and stock use throughout much ofthe catchment. The schemes bring 900 m3 of 
water per day into the Waipara catchment from the Waitohi, Hurunui and Ashley rivers, as 
well as supplying Waipara Township with domestic water from nearby groundwater bores. 
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3 -CLIMATE 
3. 1 INTRODUCTION 
The water resources of most catchments are strongly influenced by climatic conditions. It is 
therefore appropriate to commence this study with a description of the climate of the Waipara 
area. The aim of this chapter is to describe precipitation and evapo-transpiration and to 
briefly discuss how they influence both the extent of the Waipara's water resources and 
demand for their development and use. It is separated into two main sections covering 
precipitation and evapo-transpiration. Each section commences with a brief introduction and 
a discussion of previous work and then outlines the findings of this research. The main 
features of Waipara's climate are outlined in the conclusion of the chapter. 
3.2 PRECIPITATION 
3.2. 1 INTRODUCTION AND PREVIOUS WORK 
Despite there being a lot written about the general weather patterns of North Canterbury 
(Sturman, 1986; Goulter, 1982) the only detailed study of precipitation in the Waipara 
Catchment was undertaken by Horrell (1992). Horrell produced a 1961-1990 mean annual 
precipitation isohyetal map for the Waipara area based on precipitation records from 22 sites. 
He found that precipitation varied from about 1000 mm in the vicinity of Mount Grey and the 
Okuku Range to slightly less than 600 mm around the Waipara Township. Horrell found that 
precipitation in the area is associated with airflow from the south-west, south-east, east and 
north-east and is affected orographically by the Okuku Range and Mount Grey. This is 
consistent with Sturman (1986), who found that precipitation in North Canterbury is most 
strongly influenced by easterly airflow. This.. study builds on Horrell's earlier work by 
obtaining precipitation records from a further 13 sites and produces a detailed annual 
precipitation isohyetal map for the Waipara cat~hment. 
3.2.2 PRECIPITATION RECORDS 
Monthly precipitation records were obtained from 34 rain-gauge sites in and around the 
Waipara Catchment (Figure 3-1 ). The New Zealand Meteorological Service operates i 9 of 
the sites and the records for these sites were obtained from the NIWA Climate Database. 
Environment Canterbury operates 6 of the sites as part of their North Canterbury rain-gauge 
network and the records were obtained from Environment Canterbury's hydrological 
database. The remaining 9 sites represent landowners' rain-gauges, the records for which 
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were obtained from the individual landowners. The records are extensive, with 1 3 of the 
sites having in excess of 50 years of data and a further 9 having between 30 and 50 years. 
The rain-gauge sites are distributed throughout the Walpara area and vary in elevation from 
near sea level through to 817m. A description of each of the rain-gauges and a copy of the 
monthly precipitation records is given in Appendix 3.1. 
3.2.3 NORMALISED PRECIPITATION 
To allow comparison between sites, normalised precipitation over a standard period is 
required. To build on Horrell's earlier study and to take advantage of the additional records, 
a standard period of 50 years (1951-2000) was determined to be appropriate rather than the 
more standard 30 year period suggested by the World Meteorological Organisation (1962). 
Data from the 35 sites was converted to 50 year (1951-2000) normals, using a combination 
of linear regression and direct correlation between sites (Appendix 3.2). The 1951-2000 
Mean Annual Precipitation values obtained are summarised in Table 3-1. They indicate that 
annual precipitation varies from approximately 625 mm at Balmoral and the Waipara 
Township, to over 1400 mm along the Okuku Range in the west of the catchment. 
Comparison with Horrell's earlier work indicates that the 1951-2000 Mean Annual 
Precipitation values were approximately 3% higher than the 1961-1990 mean, suggesting 
that both the 1950s and the 1990s were wetter than average. 
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Table 3-1 1951-2000 Mean Annual Precipitation at va,rious sites in the Waipara Region 
~$riocl of Records 
1
; Elev~tio~ "' .... ~- . ' ' Site N~me Site Number 1951·2000 Mean 
rn Annual Pl!~i!Cipita.tien 
rnm/y,ear 
Amberley Railway Terrace H32171 1909-present 38 662 
Ashley Forest H32252 1941- 1990 107 777 
Balmoral Forest 228710 [H22871] 1921-present 198 623 
Baxter Glenrose H4420 1954-present 125 689 
Cheviot Area School H23822 1982-1995 85 Used for regression only 
Fox Creek 322410 1988-present 244 1052 
Glen Alton W02 1973-present 110 666 
Glenallen H22961 1905-present 244 697 
Gore Bay H23831 1915-present 15 827 
Hamilton Glens W09 1982-present 200 947 
Hurunui No 1 239101 1992-present 80 751 
lnksons Greenpark W06 1986-present 115 753 
Kilmarnock H23911 1922-present 91 895 
Lake Taylor Station H22721 194 7 -present 604 1196 
Lob urn H32242 1937-1984 180 932 
Lowry Hills station H23811 1947-present 244 854 
MacDonald Downs H32051 1939-1973 285 738 
Manahune W03 197 4-present 120 758 
Mandamus 282610 1988-present 300 950 
Masons Flat H22951 1960-1994 335 762 
Melrose Station H22941 1950-present 457 964 
Motunau H33003 [H33001] 1947 -present 24 795 
Mt MacDonald W07 1956-present 280 716 
Mt Vulcan W08 1953-present 175 973 
Okuku H32232 1965-present 152 859 
Okuku [NCCB] H22921 1960-1978 817 1185 
Pig Flat 321310 1976-present 520 935 
Rangiora H32325 1965-1999 ,46 663 
Sandhurst Weka Pass H32061 [H32071] 1920-present 197 688 
Sloss W05 1984-present 120 747 
Stackhouse W04 1950-present 75 745 
Waipara NZ Forest Service H32073 1973-1987 64 628 
Waipara West H32062 1990-present 145 637 
Waipara Whytes H32072 1923-present 76 625 
White Gorge 321610 1988-present 180 667 
3.2.4 PRECIPITATION ELEVATION MODEL 
The majority of rain-gauges (28 out of the 34) are manually read on a daily basis and are 
situated close to human activity at lower elevations and in valley floor positions (Appendix 
3.1 ). The rain-gauge network tends to underestimate precipitation, as the records do not 
reflect hill top conditions. Precipitation was plotted against elevation for the 34 sites (Figure 
3-2). If all the sites are considered precipitation is poorly correlated to elevation (R2=0.49). 
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highest amounts of precipitation due predominantly to elevation, but also to its position on 
the edge of the north-west rain belt. Annual precipitation on the summit of the coastal hills 
exceeds 1200 mm, most of which is derived from southerly and south-easterly storms. The 
central part of the catchment including the Waipara Alluvial Basin, the Doctors Range and 
the upper Waipara River Valley, experience limited precipitation in the order of 700-800 mm 
a year. The limited precipitation over this area is primarily due to rain shadows created by 
Mount Grey and to a lesser extent the Coastal Hills. Storms from the south tend to be 
deflected by Mount Grey and either move inland along the Okuku Range or to the east along 
the Coastal Hills. The Coastal Hills produce a similar rain shadow effect to that of Banks 
Peninsula identified by Sturman (1 986). Easterly storms tend to precipitate most of their 
moisture on the Coastal Hills with precipitation reducing inland. 
Figure 3-3 closely resembles the 1961-1990 map produced by Horrell (1992). The only 
significant difference between the maps occurs along the Coastal Hills to the east of the 
catchment. Horrell's map indicates an annual precipitation of approximately 650 mm on the 
summit of Mount Cass and 700 mm on the summit of Centre Hill, compared with the i 200 
mm and 1250 mm indicated by Figure 3-3. The difference is due to the inclusion of 
precipitation records from two sites within the coastal hills and Figure 3-3 is considered an 
improvement of Horrell's earlier work. 
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3.3 EVAPO-TRANSPIRATION 
3.3.1 INTRODUCTION AND PREVIOUS WORK 
In areas of limited precipitation such as Waipara, accurate assessment of evapo-
transpiration is essential to effective water management. Where irrigation is undertaken, 
assessment of evapo-transpiration is required to determine irrigation scheduling and crop 
management. The scientific study of evaporation and transpiration processes is extensive 
and research can be traced back to Aristotle who concluded in the fourth century BC that 
'wind is more influential in evaporation than sun' (Rosenberg et al., 1968). The term evapo-
transpiration is used to describe the total process of water transfer to the atmosphere from 
vegetative land surfaces and includes the combined effects of direct evaporation from water 
bodies and transpiration from vegetation. 
Evaporation from water surfaces can be easily measured using evaporation pans, but the 
direct measurement of evapo-transpiration is difficult and requires the use of lysimeters. 
Numerous theoretical models have been developed which estimate evapo-transpiration 
based on pan evaporation measurements and various meteorological, climatic and biological 
properties. The theoretical term 'potential evapo-transpiration' (ETp) was developed by 
Thornthwaite (1948) and Penman (1948), and relates to the evaporation from a standard 
reference crop which fully shades the ground, does not resist water flow and is always well 
supplied with water. Under the same weather conditions ET P cannot exceed free water or 
pan evaporation. Actual evapo-transpiration (ETA) is generally less than ET P because actual 
water use depends on meteorological, plant and soil factors. Using ETp in hydrological 
catchment studies is considered conservative as evapo-transpiration is overestimated. 
Thornthwaite ( 1955) developed a simple soil water balance for estimating ETA from ET P· The 
Thornthwaite soil water balance has been used successfully in a number of catchment 
studies including the development of the Glenmark Irrigation Scheme where a daily soil 
water balance was used to estimate flow in Weka Creek (Heiler et al., 1977). 
No detailed studies of evapo-transpiration have been undertaken in the Waipara area. 
Recently a number of the Waipara vineyards have begun to use both neutron probes and 
pressure chambers to accurately measure soil moisture and vine stress (measurements of 
the effects of evapo-transpiration) as part of their irrigation scheduling. Open water 
evaporation losses from the Glenmark Irrigation Scheme storage dams were determined 
during the design of the scheme (Heiler et al., 1977). 
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This section analyses the potential evapo-transpiration data that is available for the Waipara 
area and uses a monthly Thornthwaite soil water balance to estimate actual evapo-
transpiration from the catchment. 
3.3.2 EVAPORATION RECORDS 
Few evaporation or evapo-transpiration measurements have been made in North Canterbury 
(Table 3-2}. The closest sites to Waipara with long term records are the Christchurch Airport 
and Hanmer Forest where records have been taken since 1953 and 1941 respectively. 
Table 3-2 Evaporation and Evapo-transpiration data from the Waipara Area stored on the NIWA Climate 
Database as at 1 June 2001 
~ ~~ 
! i 
, Site N~mf:l <~ncl number Measurements undert;:tken II Length of Records 
Ashley FQrest HB2252 Penman 1980-1989 
Priestley Taylor 1968-1989 
Cheviot M?3B22 Wet Pan Evaporation 1986-present 
Penman 1983-1995 
Priestley Taylor 1983-1995 
Christchurcn Airport Wet Pan Evaporation 1964-1994 
HB24B1' Penman 1953-present 
Priestley Taylor i 953-present 
Cu.lverden H22783 Penman 1983-1988 
Priestley Taylor "1983-1988, 1994-1997 
Hanmer Forest Penman i 941-1995, i 996-present 
G22581 and G22582 Priestley Taylor 1941-1995, 1996-present 
Rangiora H32364 Penman 1999-present 
Priestley Taylor 1999-present 
Waipara West Vineyard Wet Pan Evaporation 1991-present 
H32062 
Wet Pan Evaporation measurements represent free water evaporation while both the 
Penman and the Priestley Taylor measurements are theoretical values of ETp based on 
climate measurements. Both Penman and Priestley Taylor are combination methods that 
use climatological theories for both air temperature and solar radiation. The Penman method 
(initially developed over 50 years ago) still remains the most popular and widely used method 
for estimating ETp (Burman and Pochop, 1994). Penman uses radiation theory to estimate 
evaporation from open water surfaces and then relates this to vegetated surfaces. In 1972 
Priestley and Taylor found that in the absence of advection, ETp is directly related to 
Equilibrium Evapo-transpiration (ET eq). Equilibrium evapo-transpiration is the minimum 
possible evaporation rate from a moist surface and depends only on the temperature and 
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available energy. The Priestley Taylor Method is semiempirical in nature and is considered a 
simplified form of the Penman Method (Rosenberg et al., 1983). 
To account for transpiration effects and to utilise the longest period of data, the Priestley 
Taylor measurements were utilised for this study. 
3.3.3 NORMALISED POTENTIAL EVAPO-TRANSPIRATION DATA 
Hanmer Forest is situated 60 km north of Waipara Township while Christchurch Airport is 52 
km to the south. The topography of Hanmer Forest (a flat inland basin surrounded by 
foothills) has a greater similarity to the topography of the Waipara catchment than the 
extensive flat plains that surround the Christchurch Airport. Due to the similar topography, 
potential evapo-transpiration rates at Waipara are expected to be similar to those at Hanmer 
Forest. 
The Ashley Forest potential evapo-transpiration site (H32252) is situated on the lower flanks 
of Mount Grey approximately 15 km south of the Waipara catchment. The site receives 
moderate to high precipitation and is relatively sheltered from the hot dry north-west wind. 
Due to similar topography (steep and sheltered from the north-west), the potential evapo-
transpiration rates measured at Ashley Forest are expected to be representative of the rates 
experienced along the Okuku Range and the steep western sections of the Waipara 
Catchment. The Cheviot site (H23822) is situated within the coastal hills some 32 km north-
east of the Waipara Catchment. Potential evapo-transpiration rates measured at the site are 
expected to be representative of all the coastal hills including those within the Waipara 
catchment. Culverden (H22783) is situated within the flat dry Amuri Plains approximately 21 
km north of the Waipara catchment. Potential evapo-transpiration rates measured at 
Culverden were taken to represent the central part of the Waipara catchment due to both 
areas being exposed to the hot dry north-west wind and receiving a similar level of 
precipitation. 
A linear regression relationship model was established between Priestley Taylor records 
from Hanmer Forest and records from Ashley Forest, Cheviot and Culverden (Figure 3-6). 
Very good regression was achieved with the coefficient of determination (R2) being greater 
than 98.0% for all the sites. This indicates that potential evapo-transpiration rates are 
controlled by regional weather patterns rather than localised ones. Using the regression 
relationships the 1951-2000 mean annual potential evapo-transpiration rates were calculated 
as 650, 678 and 682 mm for Ashley Forest, Cheviot and Culverden respectively. These 
rates are all slightly higher than the 614 mm measured at Hanmer Forest (G22581-82). 
33 

Chapter Three - Climate 
were utilised to represent the Okuku Range, Coastal Hills and central portions of the 
catchment respectively. The site characteristics of each of the fourteen water balance sites 
are outlined in Table 3-3. 
Table 3-3 Site Characteristics and Potential Evapo-transpiration records used for the soil water 
balances 
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' White ~Qrge 
'321610 . j 
Mt. Grey 
Doctors Hills 
Coastal Hills 
Upper Waipara 
Valley 
Weka Pass 
Upper Waipara 
River Valley 
Okuku Range 
Okuku Range 
Weka Pass 
Waipara Alluvial 
Basin 
Waipara Alluvial 
Basin 
Flanks of the 
Waipara Basin 
Low elevation, flat plains, low rainfall, some 
coastal rain, exposed to dry north-west winds 
Low elevation, flat basin, low rainfall, dry, exposed 
to dry north-west winds 
High elevation, flanks of Mt Grey, high rainfall, 
some shelter from the north-west winds 
Mid elevation, hilly, low rainfall, within the rain 
shadow of Mt Grey, exposed to dry north-west 
winds 
Mid elevation within the coastal hills, high rainfall 
derived from southerly and south-easterly coastal 
storms 
Mid elevation, valley floor position, medium rainfall 
within the rain shadow of Mt Grey, exposed to dry 
north-west winds 
Headwaters of Home Creek, mid elevation, within 
rain shad dow of Mount Grey 
Mid elevation, moderate rainfall, exposed to dry 
north-west winds 
High elevation, mountainous, high rainfall situated 
on the edge of the north-west rain belt 
High elevation, mountainous, high rainfall situated 
on the edge of the north-west rain belt 
Mid elevation, hilly, low rainfall, within the rain 
shadow of Mt Grey, exposed to dry north-west 
winds 
Low elevation, flat basin, low rainfall, dry, exposed 
to dry north-west winds 
Low elevation, flat basin, low rainfall, dry, exposed 
to dry north-west winds 
Mid elevation, in gorge above the Waipara Alluvial 
Basin, within the rain shadow of Mt Grey, exposed 
to dry north-west winds 
Cui verden 
Culverden 
Ashley Forest 
Cui verden 
Cheviot 
Cui verden 
Culverden 
Cui verden 
Ashley Forest 
Ashley Forest 
Cui verden 
Culverden 
Culverden 
Culverden 
Thiessens polygons were used to divide the catchment into 14 areas associated with the 
above sites. Soil data for each of the areas was obtained from the various New Zealand Soil 
Bureau maps which cover the Waipara area, Table 3-4. The available water holding capacity 
(AWC) for each of the soil units was determined by estimating the rooting depth and using 
the available water values outlined in New Zealand Standard NZS51 03 (New Zealand 
Standard, 1973). The rooting depth was determined by assessing soil profiles for each of the 
units. Where barriers to root growth (namely pan layers) were present rooting depth was 
35 
Chapter Three - Climate 
taken as the depth to the top of the pan layer, otherwise rooting depth was taken as the 
shallower of either the depth to the bottom of the B Horizon or 1200 mm. 
Table 3-4 Soil types at various sites in the Waipara area 
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' r~1ilr:P$~ StatiPn 
H2~f!}41' 
• S~:tn~h1.1rst 
H32061, H32071 
. Stackhou$e$ W04 
• Waipara Whytes 
H32Q72_ 
Whit~ Gorge 
321610 -
Haldan (24), Waikari Hill Soil (71aH), Huihui Hill Soil (71dH), Glenmark 
(16b), Omihi (72), Tipapa Hill Soil (16tH)+ Waipara (15e), Glasneven (13a) 
+ Willowbridge (95d) 
Hurunui (41a), Onepunga Hill Soils (31cH) 
Haldan (24), Waikari (71a), Waikari Hill Soil (71aH), Huihui Hill Soil (71dH), 
Onepunga (31c), Waipara (15e), Glasneven (13a) + Temuka (89), Amberley 
Hill Soil (16H) 
Waikari Hill Soil (71aH), Onepunga Hill Soils (31cH), Haldan (24) + 
Cookson-Waikari Hill Soils (76cH), Glendu Hill Soil (22cH), Cheviot (22H) + 
Waipara (15e), Cheviot (22), Tipapa Hill Soil (16tH) + Waipara (15e), 
Glasneven (13a) + Willowbridge (95d), Stonyhurst Hill Soil (22bH) 
Hurunui (41 a), Onepunga Hill Soils (31cH), Huihui (71 d), Huihui Hill Soil 
(71dH), Mayfield (96d), Haldan (24), Onepunga (31c), Waipara (15e), 
Culverden (14b) + Glasneven (13a), Glasneven (13a) + Waimakariri (95), 
Glasneven (13a) + Temuka (89) 
Haldan (24), Waikari Hill Soil (71 aH), Huihui Hill Soil (71 d), Glenmark (16b), 
Omihi (72), 
Haldan (24), Huihui Hill Soil (71dH), Huihui (71d), Temuka (89), Culverden 
(14b), Glasneven (13a), Waimakariri (95), Waipara (15e), Amberley (16H) 
Hurunui (41a), Hurunui Hill Soils (41aH), Haldan (24), Waipara (15e) 
Hurunui (41 a), Onepunga Hill Soils (31cH), Haldan (24) 
Haldan (24), Waikari (71a), Waikari Hill Soil (71aH), Huihui Hill Soil (71dH), 
Onepunga (31c), Waipara (15e), Amberley (16), Glasneven (13a), Omihi 
(72), Amberley Hill Soil (16H), Willowbridge (95d) 
Waikari Hill Soil (71aH), Haldan (24) + Cookson-Waikari Hill Soils (76cH), 
Glenmark (16b), Glendu Hill Soil (22cH), Cheviot (22H) + Waipara (15e), 
Stonyhurst Hill Soil (22bH), Omihi (72), Tipapa Hill Soil (16tl-f) + Waipara 
(15e), Glasneven (13a) + Willowbridge (95d) 
Amberley (16) + Glenmark (16b), Domett (18d),. Temuka (89), Glasneven 
(13a), Waikari Hill Soil (71aH), Glenmark (16b), Glendu Hill Soil (22cH), 
Cheviot (22H) + Waipara (15e), Amberley Hill Soil (16H), Willowbridge (95d), 
Motunau (22a), Stonyhurst Hill Soil (22bH), Omihi (72) 
Hurunui (41a), Glasneven (13a), Willowbridge (95d), Waipara (15e), 
Amberley (16), Waikari Hill Soil (71aH), Huihui Hill Soil (71dH), Onepunga 
(31c), Onepunga Hill Soil (31cH), Haldan (24) 
71 
79 
45 
56 
80 
81 
84 
95 
65 
56 
109 
101 
76 
87 
To allow comparison with precipitation, the actual evapo-transpiration from the 14 sites was 
converted to 50 year (1951-2000) normals using direct correlation between sites (Appendix 
3.2 method, Appendix 3.3 data). Thornthwaite soil water balances (Table 3-5) indicate that 
actual evapo-transpiration rates for the Waipara catchment are high with approximately 60% 
of the area's annual precipitation returning to the atmosphere via evapo-transpiration. Actual 
evapo-transpiration rates range from 429 mm per year in the Waipara Alluvial Basin to over 
500 mm on the flanks of Mount Grey and along the Okuku Range and Coastal Hills. 
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Table 3-5 The Results of Thornthwaite Soil Water Balances for various sites in the Waipara Area 
c Site N~me cand ' ~ Period T Pr~clpitation c pqt~nliQI ! AcNa! ~v~po: S9il ! ~oil Water 
N!.!m~er for p , IEvapo· 1nm$Piration Water , Surp!u$ 
Water transpiration lET A Defic::it* (n.moff + 
aa!am:e ~'Fp infiltration) 
: j~~~r§ ~~~nrilse 
; HIMgQJ 
1951-2000 
1988-2000 
1951-2000 
1982-2000 
Mae?Pona!d powns 1951-1973 
H~l;!OI:i1' 
Masom~ Fla.t H22951 1960-1994 
· Mell!o$e Station 1951-2ooo 
, H2?941' 
1951-2000 
1951-2000 
W~h~a.r~ Whytes 
. H320V~ - -
1951-2000 
-" 
White GQr,ge 3216~0 1988-2000 
-
Average 
* for period of monthly records only 
rnrn 
662 682 
689 682 
1052 650 
697 682 
947 678 
738 682 
758 682 
762 682 
964 650 
935 650 
688 682 
745 682 
625 682 
667 682 
781 675 
mrn mm 
437 245 225 
443 239 246 
514 140* 538 
459 223 238 
536 166* 411 
451 230* 287 
495 192* 263 
508 174* 254 
521 129 443 
495 146* 440 
471 211 217 
483 199 262 
429 253 197 
445 270* 222 
478 201 303 
Calculations and Data in Appendix 3.4 
The availability of water has a major influence over actual evapo-transpiration rates, with 
areas of high precipitation and/or soils with high available water capacity having the highest 
rates of actual evapo-transpiration. Annual soil water, deficits of over 100 mm occur 
throughout the catchment. Large deficits of approximately 250 mm occur in the Waipara 
Alluvial Basin, Weka Pass and Doctors Hills areas and highlight the limited availability of 
water in these areas. Runoff from the same area is limited to less than 250 mm annually and 
runoff from the overall catchment is dominated by runoff from the high rainfall areas on the 
flanks of Mount Grey and along the Okuku Ranges and coastal hills. 
The Thornthwaite soil water balances undertaken at Melrose Station, Whytes and Hamilton 
Glens highlight the strongly seasonal nature of actual evapo-transpiration, runoff and soil 
water deficit. At Melrose Station in the upper catchment, actual evapo-transpiration exceeds 
precipitation from November through to early February causing a significant soil moisture 
deficit to develop from December to March. Runoff from the catchment is very limited from 
November to March with the majority of the annual runoff occurring during the winter months 
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3.3.5 EVAPORATION FROM LAKES AND STORAGE DAMS 
In the design of the Glenmark Irrigation Scheme, annual evaporation losses from the storage 
dams was calculated at 214 100 m3 (Heiler et al., 1977). The calculation was based on an 
estimated annual evaporation loss of 600 mm determined from pan evaporation 
measurements from Lincoln. Wet pan evaporation measurements (Table 3-6) from the 
climate station at Waipara West Vineyard from 1991-2000 suggest that open water 
evaporation in Waipara is close to 1400 mm/year which is significantly higher than the 600 
mm estimated by Heiler. 
Table 3-6 1991-2000 Average monthly Wet Pan Evaporation measurements from Climate Station 
H32062 situated at the Waipara West Vineyard 
I. .. ····~M!'IY 1 Oot r· 
-.~ 
Jan P:e!D 1 Mar Apr 11 Jun Jl!! AU!;l Sep ,) ' New ;, IDeo Anr~ual 
196 158 146 88 71 47 48 65 97 139 146 191 1392 
The surface area of the 15 water storage dams and the two natural lakes in the Waipara 
Catchment is estimated at 44 ha from aerial photos of the area. Consequently the annual 
evaporation from lakes and storage dams in the catchment is estimated at approximately 
600,000 m3 . This value does not account for the fact that in many of the storage dams, 
depletion by use is substantially complete by December and the dams are essentially dry 
over the period of highest evaporation. Evaporation from the streams, rivers, small stock 
dams and wetlands in the Waipara area is not conj3idered to be significant and is not 
included in the above estimate. 
3.4 SUMMARY 
Precipitation and Evaporation data from the Waipara area coupled with information on the 
area's soils .allowed soil moisture balances to be undertaken at fourteen sites. The soil 
moisture balances indicated that while precipitation is fairly constant throughout the year 
evapo-transpiration is extremely seasonal and dominates over the summer months. Analysis 
of precipitation and evapo-transpiration. records from the area and the completion of the soil 
water balances resulted in the following key findings: 
Precipitation 
• Precipitation records from 34 rain-gauge sites are available in the Waipara area. The 
records are extensive with 22 sites having greater than 30 years worth of data. 
• Five precipitation zones were identified. 
1. The Coastal Hills which receive high levels of annual precipitation (>800mm) due to 
coastal storms from the south, south-east and east 
2. The flanks of Mount Grey which receive moderate to high levels of annual 
precipitation (650-1050 mm) which is strongly related to elevation. 
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3. The Okuku Range which lies on the edge of the north-west rain belt and receives the 
highest levels of annual precipitation (>900 mm). 
4. The Doctors Hills. the Deans and Weka Pass area which is situated in a rain shadow 
created by Mt. Grey and receives limited annual precipitation (650-750 mm). 
5. The Waipara Township and Omihi Valley which are situated in a rain shadow created 
by Mt. Grey and the Coastal Hills and receive very limited annual precipitation (600-
700 mm). 
• Within the first four precipitation zones, precipitation mirrors topography. In the fifth zone 
which covers the Waipara Alluvial Basin precipitation is fairly constant and does not vary 
significantly with elevation. 
• Mean 1951-2001 annual precipitation varies from only 625 mm at Balmoral and the 
Waipara Township to over 1400 mm on the tops of the Okuku Range. 
• Ave~age monthly precipitation is fairly constant throughout the year, although localised 
high intensity storms result in significant variability in monthly precipitation from year to 
year. Variability in monthly precipitation decreases inland from the coast. 
• Annual precipitation is highly variable and controlled by regional weather patterns. 
Evapo-transpiration 
• High potential evapo-transpiration rates of over 650 mm per year are experienced 
throughout the catchment and are controlled by regional weather patterns. Potential 
evapo-transpiration rates are highly seasonal peaking at over 120 mm per month in 
January and falling away to zero in June and July'. 
• Actual evapo-transpiration rates range from slightly over 400 mm to approximately 550 
mm per year throughout the catchment. Actual evapo-transpiration is limited by the 
availability of water particularly during the summer months and is strongly influenced by 
the variability of soils throughout the catchment. 
• Potential evapo-transpiration exceed precipitation over the summer months resulting in 
significant soil moisture deficits, which limit vegetation growth and create a large demand 
for summer irrigation water particularly in the Waipara Alluvial Basin. 
• Annual pan evaporation rates of close to 1400 mm are recorded in Waipara resulting in 
an estimated 600 000 m3 of water evaporating from the area's lakes and storage ponds 
annually. 
Due to the dominant effect of evapo-transpiration over the summer significant runoff and 
infiltration to groundwater is only expected to occur over the winter months. This issue is 
further investigated in the following two chapters which look at the surface water and 
groundwater resources of the catchment. 
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4 SURFACE WATER RESOURCES AND USE 
4. 1 INTRODUCTION 
The aim of this chapter is to describe the surface water resources of the Waipara catchment 
and their existing use so that management options can be discussed in later chapters. The 
chapter is separated into four sections covering river flows, development of a flow model, 
springs and finally a discussion of surface water storage in the catchment. Each section 
commences with a brief discussion of previous work undertaken and then describes the 
findings of this research. The existing use of the area's surface water resources is included 
within the chapter, as it is necessary to consider both the extent of the resource and existing 
usage when developing future management options. The main features of the surface water 
resources of the Waipara Catchment are outlined in a brief summary at the end of the 
chapter. 
4.2 RIVER FLOWS 
4.2. 1 INTRODUCTION AND PREVIOUS WORK 
The first investigations of the hydrology of the Waipara Catchment were undertaken in 1977 
as part of development of the Glenmark Irrigation Scheme (Heiler et al., 1977). Heiler 
installed a weir on Weka Creek and used 3 Y2 years of flow data to correlate a mathematical 
runoff model. The runoff model was then used to provide a flow record for Weka Creek from 
1931-1975. Heiler also compared the flow characteristics of Weka Creek with both Home 
Creek and Omihi Stream and concluded that the runoff response of Home Creek and Omihi 
Stream was similar to that of the Weka Creek. 
More recent work undertaken by Environment Canterbury and its predecessors included the 
establishment of a flow recorder at White Gorge in 1988 and subsequent audits of the 
recorder data (Lockington, 1992). A general description of the hydrology of the catchment 
was developed by Horrell (1992) as part of an issues and options paper for the management 
of the water resources of the Waipara region (Canterbury Regional Council, 1993). 
The main hydrological features of the catchment are shown in Figure 4-1 including the main 
tributaries, the two recorder sites and the various flow gauging sites. 
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4.2.3 INSTANTANEOUS FLOW GAUGING RECORDS 
At the end of September 2001 some 643 gauging or flow observations had been undertaken 
within the Waipara Catchment and are included on Environment Canterbury's gauging 
database. Environment Canterbury and its predecessors have undertaken regular 
instantaneous gaugings since 1971 in order to rate the White Gorge Recorder site and to 
access changes in flow along the river. Of the 643 gaugings, 125 were undertaken by the 
author as part of this study. Additional gaugings have also been undertaken by NIWA to rate 
the Teviotdale Recorder. 
Based on instantaneous gauging data collected in April 2000, Loris (2000) found that the 
Waipara River was predominantly gaining flow between the Deans Footbridge and the Omihi 
Stream confluence. Historical gauging data collected by Environment Canterbury supports 
this conclusion. Unfortunately during many of these gauging runs, flow measurements were 
undertaken at a limited number of sites and generally did not adequately assess tributary 
inflow. 
(a) Detailed Gauging Runs 
To account for deficiencies in earlier investigations, four detailed gauging runs were 
undertaken along the entire length of the Waipara River and its major tributaries. The aim of 
the gauging runs was to accurately assess both tributary inflow and groundwater/surface 
water interactions. Gauging runs were undertaken in September-October 2000, January, 
April and September 2001 with a total of 125 gauging and flow assessments completed at 
some 45 sites (Appendix 4.2). The gauging sites were selected at regular intervals and to 
coincide with historical gauging sites. To reduce the effects of underflow the gaugings were 
undertaken where the streambed consisted of low permeability geological strata. The 
gauging runs were scheduled to collect data at times of different soil moisture and ground 
water levels. September-October coincides with high groundwater levels and the period 
when groundwater is most likely to recharge the river. April represents low groundwater 
levels following the irrigation season and the period when river flow is most likely to recharge 
groundwater. January represents a mid range situation. 
The gaugings were undertaken using either a small Ott or Pygmy flow meter, using the 0.6 
depth method and the standard river gauging procedures as outlined in the NIWA Stream 
Gauging Manual (NIWA, 1996). Discharges were calculated using the NIWA software 
program GAUGE version 3.2 with the results included in Environment Canterbury's gauging 
database. 
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(b) INTERPRETATION OF INSTANTANEOUS GAUGING DATA 
Estimates of discharge found by using the velocity area~method contain an uncertainty of at 
least 5% (Clausen et al., 1999). The average error in the 125 gaugings undertaken as part 
of this study was 8.8% as calculated by GAUGE. As such only differences in flow of greater 
than 10% are considered to indicate gains and losses of flow. 
(i) The Main Waipara River 
As shown in Figure 4-7, thirteen of the fifteen (12 historical and 3 undertaken by the author) 
gauging runs indicate that the Waipara River gains flow throughout its length during high 
flows. The two gauging runs (7 -8 March 1984 and 11 June 1991) which indicate the 
opposite are due to changing flow regimes affecting the gauging data. Daily rainfall data 
from Glenrose Farm in the Omihi Valley indicated that it rained on 7 and 8 of March 1984 
and the gauging data would have been affected by the storm hydrograph. The flow record 
from the White Gorge flow recorder shows a small flood event occurred during the night of 1 0 
June 1991 and as such the gaugings were undertaken on the falling limb of the storm 
hydrograph. 
During periods of low flow the Waipara River gains flow over most of its length due 
predominantly to tributary inflow Figure 4-8. The low flow gaugings highlighted two sections 
of the river where flow is lost. Approximately 20 1/s of flow is lost between the confluence of 
the Middle Branch and the confluence of. the Southern Branch, where the streambed consists 
of tertiary geological deposits overlain by a thin covering of recent river gravel. The losses 
are relatively small in size and are therefore not detected at high flow where tributary inflows 
overshadow the losses. 
Below the Teviotdale Bridge significant flow losses occur which coincides with a change in 
streambed lithology from tertiary deposits to deeper gravel deposits. At low flows, much of 
the flow seeps into the gravels and the river regularly runs dry (as was experienced in April 
2001 Figure 4-9). 
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4.2.4 FLOW AT VARIOUS SITES ALONG THE WAIPARA RIVER 
The flow data from both the recorders and the instantaneous gauging runs, allowed a 
regression relationship to be developed between flow at White Gorge and various other sites 
along the Waipara river (Table 4-1 and Appendix 4.3). As most of the flow gaugings were 
undertaken at low flow, the flow data was log transformed to reduce the affect of extreme 
values. The regressions indicate that the South Branch contributes most of the flow from the 
upper catchment and that the Waipara river gains flow over most of it's length (Table 4-1 ). 
Table4-1 1989-2000 Mean Annual Flows (lis) at various sites along the Waipara River 
Site Name Mean Distanc Regression Equation Coefficient of Number of 
Annua efrom W = Log 10 {Flow at White Determination Observations I Flow mouth Gorge in m /s) R2 N 
(lis) (km) 
North Branch and 620 48 0.8491 w- 0.6336 0.86 12 
Tommy Stream 
Middle Branch 520 47 0.8791 w- 0.7198 0.95 15 
South Branch 1130 42 0.946 w- 0.4198 0.97 15 
White Gorge 3148 
Stringers Bridge 3350 24 0.9483 w + 0.0522 0.99 34 
S.H.1 Bridge 3890 15 1.0472 w + 0.0688 0.98 20 
Downstream of the 4480 13 0.8659 w + 0.2199 0.95 14 
Omihi Confluence 
Teviotdale Recorder 4500 7 0.4456 W* + 1. 7245 Low Flow 0.90 Continuous 
0.9767 W* + 0.2362 High Flow 0.96 
Teviotdale Bridge 3750 4 0.8174 w + 0.1674 0.96 30 
*=Log 10 (Flow at White Gorge in 1/s) 
4.2.5 LOW FLOWS 
The flow regime of the Waipara River is dominated by long periods of low flows., The lack of 
storage within the catchment and the hot dry climatic conditions during the summer lead to 
very limited flows. The 1989-2000 mean annual instantaneous low flow at White Gorge is 
only 70 1/s with a lowest flow reading of only 23 1/s being recorded in February 1998. The 
1989-2000 mean annual 7 -day low flow is 88 1/s. It is noted that during the period March 
1988 to April 2001, mean daily flow has dropped below 88 1/s on 200 occasions, with such 
flows occurring on average 11 times per year (Table 4-2). Over the same period the 7-day 
mean flow has dropped below 88 1/s for a total of 28 weeks. 
Table 4-2 Daily low flow of Jess than 881/s recorded at White Gorge, March 1988-Apri/2001. 
> ' 
Year :1988"~' 89' 90 91 912 1'93 94 95 96 ,97 98 99 2000 2001* Average 
~~,~ - ~ 
' '1989·2000 
Number of days 9* 16 11 6 . - - " 3 1 62 29 8 55* 11 
daily flow < 88 1/s 
* part year only, 1988 March-December, 2001 January-April 
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For management reasons, Environment Canterbury have established the following minimum 
flows (i.e. flows below which abstraction of water is not allowed) for the Waipara River. 
White Gorge 50 1/s 
Stringers Bridge 60 1/s 
Teviotdale (Greenwoods) Bridge 80 1/s 
Analysis of the flow record at White Gorge reveals that during the period March 1988 to April 
2001, mean daily flow has dropped below 50 1/s on 67 occasions. It is noted that 62 of these 
low flows occurred during the dry summers of 1989 and 1999. Low flows do not usually 
persist for long periods of time, although it is noted that the 7-day mean flow has dropped 
below 50 1/s at White Gorge for a total of 9 weeks between March 1988 and April 200. 
4.2.6 HIGH FLOWS 
While the flow regime of the Waipara River is dominated by periods of low flow, significant 
floods occur due to high intensity rainstorm events that infrequently affect the catchment. 
The highest instantaneous flow recorded at White Gorge is 329 cumecs in August 2000. 
The 1989-2001 mean annual instantaneous high flow at White Gorge was 134 cumecs. The 
floods themselves (while having relatively high peaks) are of short duration and the mean 
1989-2000 7-day high flow is only 35.0 cumecs. 
During the period March 1988 to April 2001 mean daily flow at White Gorge exceeded 20 
cumecs on 89 days, with such flows occurring on average 7 times per year (Table 4-3). High 
flows do not usually persist for long periods although over the same period the 7-day mean 
flow exceeded 20 cumecs 18 times. 
Table 4-3 Daily Flood flows of greater than 20 m3/s recorded at White Gorge, March 1988-Apri/2001. 
ll 94 ' 
.. ' ! 
' Year ;1988* 89 '90 91 92 93 i 95 ; 96 97 98 99 2000 2001* • Averag~ 
1989·2000 
.... 
Number of days 4* 9 4 10 15 9 9 9 6 1 2 4 7 . * 7 flow> 20 m3/s 
* part year only, 1988 March-December, 2001 January-April 
4.2. 7 FLOW CONTRIBUTIONS AND CATCHMENT RUNOFF 
As outlined in Section 4.2.4, there is good correlation between flows at various sites along 
the lower Waipara River, namely Stringers Bridge, State Highway 1 Bridge and below the 
Omihi confluence. Weka Creek joins the Waipara immediately upstream of the State 
Highway 1 Bridge and most of the change in flow of the Waipara River between Stringers 
Bridge and the State Highway 1 Bridge can be attributed to inflow from the Weka Creek. 
Similarly, the difference in flow between downstream of the Omihi Stream confluence and 
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the State Highway Bridge can be attributed to inflow from Omihi Stream (including Home 
Creek and Limestone Creek). Based on the above, Ta.ble 4-4 summarises runoff from the 
various sub-catchments of the Waipara River. 
Table4~4 
Mean Anm~al Flow 
Vs 
· Area of. Catchment; 2 . krn• 
, Runoff Vs/kmf! 
'Aut"!off rnm/yr 
1989~2001 Runoff from su~catchments of the Waipara River 
Upper Weka 
, CaJchment Creek* 
3148 540 
333.5 96.7 
9.4 5.6 
298 176 
omrt.i stre~m 
and H~me 
Creek 
590 
175.8 
3.4 
106 
Total Catclflmenf 
to' the Tevic;ttdale 
Recorder· 
4500 
701.2 
6.4 
202 
• Includes catchment between Stringers Bridge and the State Highway 1 Bridge 
Runoff for the catchment (6.4 l/s/km2) is very low and is significantly less than both the 
Ashley River to the south (1 0.8 l/s/km2) and the Hurunui River in the north (20.3 1/s/km2), and 
is more comparable to the dry Hakataramea River in Otago {6.7 1/s/km2) (Duncan, 1992). 
The variation of runoff from the various sub~catchments highlights differing precipitation, 
topography, soil type and geology. The catchment runoff values calculated above are 
similar to Horrell (1992) who found average (1961-1990) annual catchment runoff to be 6.83 
l/s/km2 for the upper catchment, 5.97 l/s/km2 for Weka Creek and 1.12 l/s/km2 for Omihi 
Stream. The low catchment ri.moff for the Omihi Stream suggests that water may be leaking 
out of the catchment presumably through the Tertiary rock units which dominate the geology 
of the Omihi Stream sub-catchment 
Analysis of the detailed gauging undertaken indicates that during low flows, the Southern 
and Middle Branches contribute approximately 60% and 20% respectively of the flow at 
White Gorge. The remaining 20% comes from various small tributaries downstream of the 
Southern Branch confluence. During low flow neither Tommys Stream nor the North Branch 
contribute significantly to the flow at White Gorge. 
The September 2001 gauging run suggests that at medium to high flow the Southern, Middle 
and Northern Branches and Tommys Stream contribute approximately 40%, 20%, 15% and 
10% respectively of the flow at White Gorge. The remaining 1 5% is made up of inflow from 
various small tributaries particularly those below the Southern Branch confluence. 
The gauging runs undertaken during January and April 2001 indicated that Omihi Stream 
provided 40% and 70% of the flow at the Teviotdale recorder. It is concluded that during 
periods of low flow approximately 50% of the flow exiting the Waipara catchment at the 
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Teviotdale recorder is derived from the Omihi Stream and more specifically the springs 
which are situated immediately upstream of the Glenray .Farm Bridge. 
During periods of high flow, runoff from the upper catchment becomes dominant due 
primarily to the increased precipitation that the upper catchment receives (Chapter 3). Flow 
data from the White Gorge and Teviotdale recorders (Section 4.2.2) indicates that 3148 1/s or 
70% of the 1989-2000 mean annual flow at the Teviotdale Recorder (4500 1/s) is derived 
from upstream of White Gorge. 
4.2.8 EXISTING USE 
Historically, domestic and stock water requirements were met from a combination of tapping 
springs, runoff storage in small stock dams, abstractions from the area's creeks and rivers, 
numerous shallow wells and a limited number of deeper boreholes. Since the establishment 
of the rural water supply schemes in the 1960-70s, many of these individual farm water 
sources have been abandoned and large sections of the catchment now rely on the rural 
water supply schemes. 
Irrigation in the Waipara Basin dates back to the early 1950s when the first significant 
abstractions of water from Omihi Stream and Home Creek commenced. The establishment 
of the Glenmark irrigation scheme which utilises flows in Weka Creek, Home Creek and 
Omihi Stream in the late 1970s early 1980s, heralded the start of increased irrigation activity 
in the area. Since 1990, significant land development in the area has lead to an ever 
increasing demand for irrigation water. To date much of this demand has been satisfied by 
abstractions from the main Waipara River and more recently from groundwater abstractions. 
At the 1 June 2001, the Environment Canterbury consents database contained 30 current 
consents authorising the abstraction of surface water or hydraulically connected 
groundwater from the Waipara Catchment (Table 4-5 note one of the consents is actually a 
groundwater take but is wrongly classified in the consent files). Fifteen of the consents are 
for abstractions from the main Waipara River (one is currently subject to an Appeal), 7 from 
Omihi Stream (one is for an abstraction from a spring in the catchment), 5 from Home Creek 
and one from Weka Creek. There are a further 11 water permits to dam and 3 to divert 
water. All except two of the consents are for irrigation either directly (16} or indirectly (1 0) via 
storage. 
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Table4-5 Current Water Permits in the Waipara Catchment as at 1 June 2001 
(Summarised from Environment Canterbury's consent files) 
.. 
' Permit Holder Consent 
' 
Max. Max. Pqrpose 
Number Rate ; Dally \ : 
l/s m3 
5Mface Water Tak!ls 
Home Creek 
Glenmark Homestead CRC011833 15 7560 Storage spray irrigation pasture/crop* 
Glenmark Homestead NCY800618A 15 910 Spray irrigation pasture/crop 
Gould D.C. CRC920808B 55 4752 Spray Irrigation pasture/crop 
Hutt Creek Vineyards Ltd CRC920812B 40 3456 Storage trickle irrigation grapes 
McGuckin D.J. CRC920820 4 160 Spray irrigation pasture/crop 
Omlhi Stream • replaces Consent NCY800618A 
Corbins Wines Ltd CRC920816A 45 3888 Storage trickle irrigation grapes 
Dickie M.A. & C.A. NCY850184 31 Spray irrigation pasture/crop 
East M.G. CRC920699B 2 138 Storage trickle Irrigation grapes 
Glenray Farming & Chancellor CRC920817B 25 2160 Storage spray irrigation pasture/crop 
Savill E.M. CRC916346B 1 120 Storage trickle Irrigation grapes 
Stackhouse K.W. CRC920814B 45 3888 Storage spray irrigation pasture 
Stackhouse K.W. NCY800639 40 3490 Spray Irrigation pasture/crop 
Waipara River 
Canterbury House Vineyard CRC940238 26 2280 Trickle irrigation of grapes 
Chapman B.A. CRC000546 8 222 Spray irrigation 
Croft W.H. & R CRC920476 31 1318 Spray irrigation pasture/crop 
Donaldson I.M & C.C CRC920345A 12 605 Trickle irrigation of grapes 
Donaldson I.M & C.C CRC920345B 45 1300 Winter frost protection grapes 
Hurunui Distict Council NCY8007452 12 1307 Waipara Public Water supply 
Johns B.S. CRC940475 13 1080 Storage trickle irrigation grapes 
Litchfield Nominees No 14 Ltd CRC010463 13 1080 Storage trickle irrigation grapes 
Maungatahi Farms CRC920587 50 4320 Spray irrigation pasture/crop 
Maungatahi Farms CRC950255 38 3283 Spray irrigation pasture/crop 
Maungatahl Farms NCY840049 22 978 Spray Irrigation pasture/crop 
Rangatahi Downs Ltd CRC920588 38 3280 Spray irrlgallon pasture/crop 
Retalllck T.E. & M.C.L. CRC920650 15 432 Trickle Irrigation of olives 
Stewart R.G. CRC992263 110 8578 Trickle irrigation of grapes 
Williams G.E.D. CRC920790 45 1944 Spray irrigation pasture/crop 
Renowden G. CRC9924991 1 86 Trickle irrigation of trees 
Tutton, Sienko and Hill CRC9204981 22 1920 Trickle Irrigation grapes 
Weka Creek 
Whyte A. E. and others CRC920803C 820 70848 Storage spray Irrigation pasture/crop 
aive11sions 
Donaldson I.M. &C.C. (Waipara) CRC970511 <50% of flow Trickle Irrigation/Forest Protection 
Savill E.M (spring Omihi Catchment) CRC916346A 1 120 Storage trickle irrigation grapes 
Whyte A. E. & others (Weka Creek) CRC920803B 1020 88128 Storage irrigation pasture/grapes 
Dams VoiumeMI 
Home Creek 
Glenmark Homestead NCY800618B 0 Storage spray irrigation pasture/crop 
Gould D.C. CRC920808A 120 Storage spray irrigation pasture/crop 
Hutt Creek Vineyards Ltd CRC920812A 86 Storage trickle Irrigation grapes 
Omihi Stream 
East M.G. CRC920699A 0 Storage trickle Irrigation grapes 
Glenray Farming & Chancellor CRC920817A 94 Storage spray irrigation pasture/crop 
Stackhouse K.W. CRC920814A 0 Storage spray irrigation pasture/crop 
Waipara River 
Donaldson I.M & C.C CRC952351 0.35 To enhance Wetlands 
Penhaligon Holdings Ltd (spring) CRC000719 0 Water storage 
Weka Creek 
Carson W.J. & E. A. CRC920804A 78 Water storage 
Harris B.C. CRC920806A 60 Storage spray irrigation pasture/crop 
Whyte A. E. and others CRC920803A Intake Glenmark Irrigation Scheme Intake 
~xpiry 
DatE~~ 
2036 
2001 
2004 
2004 
2004 
2004 
2001 
2004 
2004 
2004 
2004 
2001 
2029 
2004 
2004 
2004 
2004 
2001 
2004 
2035 
2004 
Appealed 
2001 
2004 
2004 
2034 
2004 
2034 
2004 
2004 
2004 
2004 
2004 
2001 
2027 
2027 
2004 
2027 
2027 
2030 
2035 
2027 
2027 
2027 
1 Abstractions from hydraulically connected groundwater are considered surface water takes 2 Is a groundwater take 
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Interviews undertaken with the consent holders revealed that 11 of the consents were not 
exercised over the 2000-2001 year for the following reasons: 
• 3 consents are now covered by groundwater abstractions; 
• 3 consents have been replaced by new consents; 
• 3 consents are relatively old and have not been exercised for some time; 
• 1 consent is subject to an Appeal and has not been exercised as yet, and 
• 1 consent is a renewal of three consents, which cannot to be exercised in 
conjunction with the three earlier consents. 
A review of Environment Canterbury's consent files revealed that 1502 1/s has been 
allocated from the Waipara Catchment, 76% of which is for winter activities e.g. water 
storage (Table 4-6). The large number of consents that were not exercised during 2000-
2001 is highlighted by the fact that while 379 1/s is allocated out of the Waipara River, only 
consents covering a total of 203 1/s were actually exercised. 
Table 4-6 
Home Creek 
Omihi $tream 
Weka Creek 
Waipara River 
Abstraction Rates allocated by all the consents in the Waipara Catchment and those 
exercised during the 2000-2001 irrigation season and the winter of 2000 . 
Total flow Allo~ated 
(Vs.) 
All consents Consent~ 
exercised 
2000~2001* 
114 114 
189 118 
820 820 
379 203 
. .. 
I• Flow Allocated to Flow allocated; to 
. Winter Ac:tivities e,g. ! ~---·_.sJ_.~ur .• ·em?mt_ .. ·.~--~e~rr.·.i)g_' .•. ·.·_a., __ ··_t(·.:i11_.0._.-... s·~.--··-. · Stor~ge · ~Jt')~ - \ .· . ~ ·~· , /; . 
All consents Consents AH!oonsents CQnsents 
exercised· exeroisecl· 
2000·2001* 2000•2001* 
95 95 19 19 
118 118 71 0 
820 820 
109 58 270 145 
; l'otar catchnumt 1502 1255 1142 1091 360 164 
* Information obtained from interviews with consent holders 
The majority of the consented abstractions from the Waipara's lower tributaries (Home 
Creek, Omihi Stream and Weka Creek) are for water which is taken at higher flow (typically 
over the winter months) and diverted into storage dams for use over the summer. Contrary 
to this, the majority of the consented abstractions from the Waipara Rjver are for water which 
is taken during the summer for direct irrigation. 
In regard to the consents that cover irrigation abstractions, actual water use is directly 
influenced by climate. Precipitation records from both the Glenrose rain-gauge (upper Omihi 
Valley) and the Stackhouses rain-gauge (Lower Omihi Valley), indicate that while the 2000 
spring was significantly wetter than average, the irrigation season from November to March 
was very dry (Table 4-7). The wet spring delayed the start of the summer irrigation season, 
while the lack of rain in autumn 2001 resulted in an extension of the irrigation season. 
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Interviews indicated that water users considered the 2000-2001 summer to be fairly typical 
in-terms-of water use. 
Table4-7 Precipitation over the 2000·2001 Summer Irrigation Season 
Monthly precipitation at the Monthly Precipitatlcm at the Sler:~rose 
. Month Stackhouse rain-gauge lower rain~gauge lipfi>er <northern} end of ~Sot~them) end of· Om hi Valley OmhiVaUey 
Average ; 2000•:1!001 0/oof Avera{!Je 2(i)(i)Q;.2(i)01 % e.f 
1951-2000, season . Average 1951-2000 season Average 
mm mm rmrn mm 
./>;UQIJSt 74.6 263.9 353 65.7 148.0 225 
September 53.5 104.9 196 48.1 89.0 185 
<Potober 55.4 47.8 86 52.7 43.5 83 
: Novem!;ler 57.9 77.7 133 51.0 63.5 125 
!December 63.7 9.1 14 58.9 5.8 10 
January 53.3 26.7 50 49.8 20.0 40 
February 52.8 14.0 27 48.0 9.0 19 
March 68.6 12.7 19 64.3 6.0 9 
April 62.8 12.4 20 56.3 13.5 24 
summer tot!:lll f .. ~--- - "--~ 
(N0v~Mar), 296,3 1;40.2 47 1€)4.3 :38< 
Landowner interviews undertaken as part of this study identified 23 properties which abstract 
stock, domestic and small scale irrigation water from the Waipara River and its tributaries. 
These abstractions are covered by the Environment Canterbury's current bylaws which 
permit the abstraction of small quantities (up to 10 cubic meters per property per day) of 
surface water (Environment Canterbury, 2000a). 
Overall, river flows in the Waipara catchment are highly utilised particularly during the 
summer irrigation season. Recent irrigation developments in the catchment have tended 
towards utilising either groundwater or harvesting of high winter flows into on-farm storage 
dams. It is noted that the last major consent for water abstraction from the catchment 
(Consent Number CRC992263) resulted in a hearing of the Environment Court. The 
Environment Court decision stated that the evidence presented indicated that: 
' ... the water resources of the Waipara River are heavily allocated to abstractive users 
with potential abstraction rates exceeding the normal summer supply.' (RMA W1 00/95, 
1995) 
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4.3 FLOW MODEL FOR FLOWS IN THE WAIPARA RIVER 
4.3.1 INTRODUCTION AND PREVIOUS WORK 
To allow an annual water balance to be completed for the period 1951-2000, it is necessary 
to determine surface water flows out of the catchment for this period. As flow records at 
White Gorge only extend back to 1988, it was necessary to extend the flow record using a 
rainfall runoff model. 
As part of the development of the Glenmark Irrigation Scheme, Heiler (1977) used a runoff 
model developed by Taylor (1971) and subsequently modified by Harrington (1976), to 
determine flows out of the Weka creek from 1931-1972. The model operated a Thornthwaite 
daily water balance (Thornthwaite et al., 1955) linking precipitation, evapo-transpiration and 
soil moisture to flow in the stream. The model was found to underestimate flow by 15-20% 
and was used as a conservative estimate of flow for the design of the Glenmark Irrigation 
Scheme. 
Horrell (1992) developed a linear regression model linking mean monthly flow in the Waipara 
River at White Gorge to flow in the Ashley River at Ashley Gorge, precipitation at four rainfall 
stations (Melrose, Masons Flat, Glenallen, and Amberley) and pan evaporation 
measurements at Lincoln College. Horrell developed seasonal models and achieved good 
correlation (R2< 0.91 ). However it was noted that the model was based on only four years of 
flow data 1988-1991. The aim of this section is to use the increased flow records to refine 
Horrell's regression model and thereby extend the flow record. 
4.3.2 MODEL METHODOLOGY AND RESULTS 
Two multi-linear regression models were developed using the Systat9 computer package. 
The first model related flow at White Gorge with flow in the neighbouring Ashley River at 
Ashley Gorge, while the second model related flow at White Gorge to precipitation and 
evapo-transpiration data. 
The flow record at White Gorge provides twelve mean annual flow readings (1989-2000). In 
order to make the model as simple as possible and to minimise errors; it was considered 
appropriate to limit the number of variables in each model to three or less. A total of ten 
variables (annual precipitation at seven sites, annual evapo-transpiration from two sites and 
mean annual flow in the Ashley River at Ashley Gorge) were utilised with various 
combinations trialed. 
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It was found that mean annual flow at White Gorge is strongly related to flow in the Ashley 
River (R2 = 0.88) suggesting that the two catchments have similar annual runoff 
characteristics. Mean annual flows are not strongly related to precipitation at any one 
particular site (with R2 ranging from 0.4 to 0.7); however flows have a strong relationship to 
combined precipitation data from four sites (H22941 Melrose, H22961 Glenallen, H32061-71 
Sandhurst and H32072 Whytes) (R2 = 0.85). This highlights the often very localised nature 
of storm events in the catchment as discussed in Chapter 3. Annual flows are only slightly 
related to annual evapo-transpiration {R2 < 0.3) indicating that low flows during the summer 
(due to high evapo-transpiration rates) have a limited effect on annual flow and that flood 
events have a dominant influence over mean annual flow. Table 4-8 below summarises the 
two models and a full description of the models is given in Appendix 4.4. 
Table 4-8 Model Parameters for Mean Annual Flow of the Walpara River at White Gorge 
Rainfall 
Variable$ t:J~ect 
I> 
FA = Mean annual in the Ashley 
River at the Ashley Gorge 
Combined Annual Precipitation 
at sites H22941 Melrose, 
H22961 Glenallen, H32061-71 
Sandhurst and H22871 
Sal moral. 
EA =Annual Priestley Taylor evapo-
transpiration at site H32322 
Ashley Forest taken as a 
negative number 
Pw = Annual Precipitation at site 
H32072 Whytes 
Ps = Annual Precipitation at site 
H32061-71 Sandhurst 
PT = Combined Annual Precipitation 
at sites H22941 Melrose, 
H22961 Glenallen, H32061-71 
Sandhurst and, H32072 
Whytes 
FQrmula 
Fwaipara = 0.266 X FA+ 1.142 X PT 
-6.702 X EA -7296.75 
Fwa~para = 1.435 X Pw- 8.970 X Ps 
+ 4.268 X PT- 4196.957 
0.964 
0.966 
Standarct 
Error Vs 
227.0 
Standard 
Deviation of 
error 
193.6 
220.0 
Standard 
Deviation of 
error 
187.6 
The flow model tended to underestimate high flows and overestimating low flpws, while the 
errors in the rainfall model were more variable as shown in Figure 4-13. To improve the 
accuracy of the model, the flow estimates from each model were weighted according to the 
standard deviation of their respective errors and then combined. By using the combined 
model, the standard deviation of the error reduced to 119 1/s. 
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Given the limited length of flow records and to account for significant seasonal variations in 
both evapo-transpiration and river flows, the models were reworked using both seasonal 
(summer December-February, autumn March-May, winter June-August and spring 
September-November) and monthly data. On a seasonal basis mean flow at White Gorge 
correlated quite well with mean flow in the Ashley (R2=0.854); however monthly flows did not 
correlate well (R2=0.771 ). The best three variable models for seasonal and monthly data 
had correlation factors of R2=0.905 and R2=0.811 respectively. This suggests that for 
shorter timeframes localised weather patterns, soil moisture conditions and lag times 
between rainfall and runoff become significant. 
4.4 SPRINGS 
Springs are points where groundwater discharges to the surface due to topography 
(depression springs), and/or geological features (contact and sinkhole springs), and/or 
structural constraints (fault, joint and fracture springs) (Fetter, 1994). Springs represent a 
significant water resource which provide domestic and stock water. 
4.4. 1 INTRODUCTION 
On 1 June 2001 Environment Canterbury's springs database contained 21 springs within the 
Waipara catchment. During landowner interviews undertaken by the author, a further 186 
springs were identified. The springs were identified by the permanence of their discharge 
and whether or not they were tapped. Figure 4-15 summarises these data and shows the 
location of the springs in the catchment (map references and details of the springs are 
included in Appendix 4.5). 
The majority of the springs in the area are classified as contact springs and occur where a 
permeable rock unit overlies units of much lower permeability (Fetter, 1994 ). Many of the 
high yielding springs are related to differing beds within the tertiary (limestone, sandstone 
and mudstone) rock units of the area. Two lines of springs flank the Omihi Valley along the 
Mount Cass and Mount Donald Ranges. These springs generally align themselves with the 
lithologic contact between overlying limestone/sandstone beds and underlying mudstone 
beds. Many springs discharge directly from the base of limestone outcrops. 
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4.4.2 CASE STUDY· SPRING FLOW 
Flow from many of the area's springs remains fairly constant throughout the year and is not 
significantly affected by drought conditions. During the dry summer of 2000-2001 when the 
area's creeks and rivers were either dry or had very limited flow, springs generally did not 
experience a significant drop in flow. Science indicates that the majority of springs are fed 
from precipitation which infiltrates up-slope from the spring (Pettinga, 2001 ). Water 
percolation through the rock mass is often very slow and can account for the lack of 
variability of spring flow. 
A number of springs are situated very close to ridge tops and given the limited rainfall in the 
Waipara area doubts have been raised over the source of the spring discharge. A number 
of landowners on the flanks of the Omihi Valley suspect the flow from their springs is 
affected by groundwater abstractions in the valley floor and have lodged their concern with 
Environment Canterbury. The effects of gravity and the change in lithology between the 
gravels of the Omihi Valley and the tertiary sediments from which the springs emerge, 
suggest that the groundwater within each unit is not significantly connected. To further 
assess this, water balances were conducted on the catchments of 16 springs in the area ( 13 
along the Mount Cass Range, two from Mount Donald and one to the west of the Doctors 
Hills). The discharge from each of the springs was measured in July 2001 to determine 
maximum spring discharge {Table 4-9). 
Table 4-9 Discharge Rates from various springs in the Waipara Catchment 
spring t;.oeation l!.lev~tion , catchment Area ll}iscnarge 
Number. (property name) m ha !/minute mm/year 
1 Mount Cass 457 12.0 4.0 18 
2 Hamilton Glens 395 9.1 1.4 8 
130· Hamilton Glens 353 3.2 2.0 33 
131 Hamilton Glens 334 4.0 1.5 20 
132 Hamilton Glens 376 9.3 1.4 25 
133 Hamilton Glens 418 8.9 3.0 18 
134 Hamilton Glens 416 8.7 2.7 16 
135 Hamilton Glens 428 15.7 2.4 8 
136 Hamilton Glens 452 13.1 2.5 10 
137 Hamilton Glens 441 11.9 1.0 4 
138 Hamilton Glens 457 11.0 2.0 10 
139 Hamilton Glens 399 19.7 5.6 15 
140 Hamilton Glens 374 13.4 2.0 8 
N34/152 Hamilton Glens 462 13.6 6.3 24 
50 Mount Donald 375 20.6 16.5 42 
48 Shell rock 305 10.7 7.8 38 
82 McKnights 518 13.7 19.8 76 
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The topographic catchment of each spring was determined from aerial photos and the 
average annual precipitation on the catchment was estim~ted from the rainfall map produced 
in Chapter 3 (Figure 3.3). Average annual actual evapo-transpiration rates were taken from 
the soil water balances (Table 3.5, Chapter 3) undertaken at Hamilton Glens (for the Mount 
Cass springs), Manahune (for the Mount MacDonald springs) and at Glenallen (for the spring 
on the Doctors Hills). A simple water balance was undertake for the topographic catchment 
of each of the springs which revealed that in excess of 33% of annual precipitation is 
available for infiltration and storm water runoff (Table 4-1 0). 
Table 4-10 Water Balance for the Catchment of various springs in the Waipara Catchment 
.. 
t 
. ~ .. .. . .. . .. 
Spring Ann~~~ Actual' ~v~po~ 
., Spring Oh~~h~rge Water El~!anfJ~ 
Numb~r PrecipitPtion transpiration · (Grol!ndwater (water avai!a!Die for. $tQrm n.moff and discharge) infiltration· to grounowaten); 
mm/y,ean i mm/year· rnm/)'ear mm/y,ear % ofipreoif11itatio!'l i 
1 1150 536 18 596 52 
2 1150 536 8 606 53 
130 1100 536 33 581 50 
131 1100 536 20 594 52 
132 1100 536 25 589 51 
133 1150 536 18 596 52 
134 1150 536 16 598 52 
135 1150 536 8 606 53 
136 1150 536 10 604 53 
137 1150 536 4 610 53 
138 1150 536 10 604 53 
139 1150 536 15 599 52 
140 1150 536 8 606 53 
N34/152 1150 536 24 590 51 
50 800 495 42 263 33 
48 800 495 38 267 33 
82 900 459 76 365 41 
The water balances indicate that the amount of water available for surface runoff and 
infiltration is between 5 and 150 times greater than the volume of water the springs 
discharge. It is concluded that the springs on the flanks of the Omihi Valley are fed by 
precipitation which infiltrates into the catchment area upslope of the spring outlet. This fact 
coupled with the change in lithology, indicates that groundwater abstractions from the 
gravels of the Omihi Valley are very unlikely to affect the discharge from the springs which 
emerge from the tertiary sediments on the flanks of the valley. 
4.4.3 EXISTING USE 
Springs provide a significant water resource in the catchment. Of the 207 springs identified, 
67 are tapped and provide water for domestic, stock water and in four cases irrigation 
supply, while the 140 untapped springs provide an important source of stock water, for the 
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area. A survey of 106 landowners throughout the catchment revealed that spring and river 
water makes up 61% of the areas stock water requireme,nts, groundwater makes up 4% and 
the remaining 35% comes from the various rural water supply schemes. Of the 211 houses 
covered by the landowner survey, 58 (28%) obtain their domestic water from natural springs 
and rivers, 26 (12%) from groundwater wells and the remaining 127 (60%) from the rural 
water supply schemes. 
On 1 June 2001 the Environment Canterbury consents database contained two current 
consents relating to the use of spring water. Under the current Council Bylaws the 
abstraction of small quantities (up to 1 0 cubic meters per property per day) of surface water 
is considered a permitted activity. The tapping and use of springs generally falls within this 
limit which explains the lack of consents. 
4.5 SURFACE WATER STORAGE 
Surface water storage within a catchment occurs due to four main reasons: snow cover, 
swamps and wetlands, natural lakes and constructed dams and reservoirs. Within the 
Waipara Catchment, natural water storage is minimal which is reflected in the very variable 
nature of flows in the Waipara River. 
While snow falls are common in the upper catchment over the winter months, it usually melts 
within a few days and a snow cover is not established for any length of time. As such, the 
storage of water within snow is insignificant in the Waipara Catchment. There are few 
swamps in the catchment and the few that exist in the upper catchment are all relatively 
small (less than 1 ha) and do not store a significant volume of water. 
Two natural lakes exist within the Waipara Catchment (Lake Raupo on Home Creek, and an 
unnamed lake west of The Deans range of hills), both of which were created by landslides 
blocking drainage paths. Both lakes are fairly small and do not represent a significant 
volume of water storage. There are 16 water harvesting storage dams within the catchment, 
11 of which are related to the Glenmark Irrigation Scheme. Based on the design details for 
the dams, it is estimated that a total of approximately 1.2 million m3 of water is stored for 
irrigation purposes. It is normal practice that the dams are filled once a year during winter 
and then drained for irrigation over summer which means that for the Waipara catchment 
storage for irrigation represents 0.002 mm/yr (which is insignificant compared to the average 
annual precipitation of 771 mm/yr). Over 400 small stock dams scattered throughout the 
catchment were identified during landowner interviews. Many of these stock dams dry 
during the summer and while they provide a significant source of stock water they do not 
represent a significant amount of water storage. Environment Canterbury's resource 
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consent database contains 11 current consents to dam water and 3 to divert water within the 
catchment (Table 4-5). 
The irrigation storage dams are operated under standard water harvesting principles 
whereby the dams are filled during the wetter winter months and then are substantially 
drained for irrigation purposes over the summer months. Of the 16 water storage dams in 
the catchment, 5 were not fully utilised during the 2000-2001 summer due to a combination 
of incomplete onfarm infrastructure and farm management decisions. The Glenmark 
scheme was initially designed for the irrigation of 36 ha of essentially grain and feed crops 
per farm. Changes in farming practices over the last decade have caused a shift from the 
irrigation of crops to the establishment of irrigated vineyards on a number of properties. This 
has led to a reduced water usage due to the generally smaller size of the vineyards, more 
water efficient irrigation practices and most importantly the reduced water demand per 
hectare of grapes as opposed to crops. 
In the design of the Glenmark Irrigation Scheme, Heiler {1977) calculated that evaporation 
and leakage losses would account for a maximum of 23% of the volume of the storage dams 
with the remaining 77% available for irrigation. It is assumed that a similar division would be 
applicable to the other storage dams in the area. 
4.6 SUMMARY 
The surface water resources of the Waipara catchment are extremely seasonal. Runoff is 
very limited during summer (due to high evapo-transpiration rates) resulting in low flows in 
the area's watercourses. The low flows coincide with the period when demand for irrigation 
water is at it highest. Investigations are undertaken to determine the extent of the surface 
water resources, their current use and to assess their ability to sustain further development. 
The key findings of these investigations are: 
River Flow: 
• Two continuous flow recorders are situated along the Waipara River: at White Gorge in 
the upper gorge and Teviotdale in the lower gorge. 
• Records from White Gorge reveal that the 1989-2000 mean annual flow was 3148 1/s. 
Utilising a runoff model the 1 951-2000 mean annual flow was calculated at 3308 1/s 
which suggests that the 1 989-2000 was slightly drier than the long term average. 
• The flow pattern is strongly seasonal with mean monthly flows varying from 520 1/s 
during January to 7285 1/s during July. 
• Flow in the Waipara River is dominated by long periods of low flow and large infrequent 
short duration flood events. At White Gorge mean daily flows of less than 88 1/s are 
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recorded on average 11 times a year while flows of greater than 20 m3/s are recorded on 
average 7 times a year. 
• The Waipara River gains flow (predominately from tributary inflow) over all its length, and 
is not significantly connected to groundwater other than below the Teviotdale Bridge 
(where the river often runs dry) and in small sections of the upper catchment. 
• Flow in Weka Creek, Home Creek and Omihi Stream is strongly connected to 
groundwater with significant gains and losses to and from groundwater. 
• During periods of low flow, Omihi Stream contributes approximately 50% of the flow that 
passes the Teviotdale recorder site. During periods of high flow, runoff from the upper 
catchment becomes dominant. 
• Catchment runoff is very low being only 6.4 l/s/km2, highlighting the dry nature of the 
Waipara catchment when compared to adjacent catchments (the Ashley to the south 
10.8 l/s/km2 and the Hurunui to the north 20.3 l/s/km2}. 
• The surface water resources of the Waipara Catchment are highly utilised with a total of 
1491 1/s currently allocated via 29 resource consents. A further 23 properties abstract 
surface water under Environment Canterbury's General Authorisations. 
Springs: 
• A large number of springs exist within the Waipara catchment which provide a significant 
source of stock and domestic water. 
• A significant number of springs are found within the tertiary rock units of the area and are 
fed by precipitation which infiltrates into the catchment area upslope of the spring outlet. 
Water Storage: 
• Natural water storage within the catchment is very limited. 
• Approximately 1.2 million m3 of water is stored in various dams and reservoirs throughout 
th~e catchment, the majority of which are associated with the harvesting of winter flood 
flows for summer irrigation purposes. 
In order to further understand Waipara's water resources, the characteristics pf the surface 
water resources will be used to develop a water balance for the catchment in the following 
chapter. The surface water resources of the Waipara catchment are already very highly 
allocated and potential abstraction rates far exceed normal summer supply. This situation 
~ 
resulted in a hearing of the Environment Court and causes a significant challenge to water 
managers. This issue is discussed further in Chapter 7 which considers water management. 
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5 GROUNDWATER RESOURCES AND USE 
5. 1 INTRODUCTION 
This chapter describes both the occurrence of groundwater within the Waipara catchment 
and its existing use. It builds on a recent study by Loris (2000) and aims to provide enough 
information to allow groundwater management options to be discussed in later chapters. 
The chapter is separated into three sections covering: 
• a brief hydrogeological description of the aquifers, 
• a summary of the existing wells and boreholes in the area including existing 
groundwater use, and 
• groundwater recharge. 
The chapter commences with a brief discussion of previous work and then describes the 
findings of this research. Existing use of groundwater is included as it is necessary to 
consider both the extent of the resource and existing usage when developing future 
management options. 
Throughout this document the term 'well' is taken to mean a shallow, hand-dug, usually 
bricklined hole used to extract groundwater, whereas a 'borehole' is considered to be a 
mechanically drilled hole which has a steel or PVC casing. 
5.2 HYDROGEOLOGY AND DESCRIPTION OF THE AQUIFERS 
5.2. 1 PREVIOUS WORK 
The first published investigations of the hydrogeology of the Waipara Catchment were 
undertaken in 1972 when the potential of wells in the Glenmark-Waipara area to provide 
irrigation water was assessed (Barrie et al., 1972). The study found that the existing wells 
could not provide a viable source of irrigation water. This conclusion was supported by a 
similar study by Wilson in 1983 as part of the development of the Glenmark Irrigation 
Scheme. Wilson's study conclude.d that: 
'In view of the nature of the sequence (of strata) beneath Glenmark I am pessimistic 
about the prospects of finding aquifers capable of yielding as much as 1 Oils, Jet alone 
capable of yielding true irrigation yields exceeding 301/s.' (Wilson, 1983, p22) 
Since 1990, Environment Canterbury has maintained various databases on Canterbury's 
groundwater system. On 1 November 2001 the databases contained records from 276 wells 
and boreholes in the Waipara Area. 
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Loris' Hydrogeology of the Waipara Alluvial Basin (2000) represents the most complete and 
up-to-date summary of the hydrogeology of the lower Waipara catchment. Loris' work along 
with seismic surveys currently being undertaken in the Omihi Valley (Finnemore and 
Pettinga, in press) represent the current state of knowledge in relation to the hydrogeology of 
the area. 
5.2.2 THE WATER BEARING UNITS 
As outlined in Chapter 2, the geology of the Waipara Catchment consists of Torlesse 
Supergroup (Graywacke and Argillite) basement rocks overlain by a Tertiary marine 
transgression-regression sequence of sandstone, mudstone and limestone rock units. 
Extensive fluvial and glacial gravels have infilled the two main synclinal basins (Waipara 
syncline and MacDonald syncline) within the catchment. 
The Torlesse basement rock has limited porosity and although highly fractured, does not 
store or transmit significant quantities of water and is not considered a potential groundwater 
source. 
The Tertiary marine deposits of the catchment have the potential to contain aquifer systems 
especially within the limestone units where solution mechanisms can result in underground 
rivers (e.g. Cave Stream, North Canterbury). The depth of the units throughout much of the 
catchment, the lack of detailed studies and the presence of aquifers in the overlying gravel 
deposits has discouraged drilling into the Tertiary units. Of the 276 wells and boreholes in 
the Waipara Area on Environment Canterbury's database, only 1 (M34/5573) is drilled into 
the Tertiary deposits. In addition, the author is aware of one further dry borehole that was 
drilled to a depth of 90 m into Tertiary mudstones and sandstones in the Upper Waipara 
River Valley. Borehole M34/5573 is situated where the Waipara River flows out of White 
Gorge and enters the Waipara Alluvial Basin. The borehole was drilled to a depth of 90.5 m 
and passes through various gravel and clay units (the Kawai formation) before encountering 
sandstone and limestone layers (the lower Kawai Greta beds and the Mount Brown 
Formation). The borehole draws artesian water from gravels encounterea below the 
limestone sandstone units. The presence of gravels below the limestone sandstone units is 
unusual, as the Mount Brown Formation is not known to contain gravel beds and could 
indicate that the borehole has crossed the Boby Creek fault (known to exist in the vicinity). 
The borehole has a yield of 25 1/s, which is high for the Waipara area and has encouraged 
further drilling into the Tertiary rock units (three boreholes are currently proposed). 
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Historically, the search for groundwater in Waipara has focused on the gravel deposits which 
infill the Waipara Alluvial Basin and the Upper Waipara River Valley. These gravels are 
separated into the older Kawai Formation and the overlying Quaternary deposits of the 
Teviotdale, Canterbury and Recent Gravels. The lack of boreholes in the Upper Waipara 
River Valley prevents the aquifers of the upper catchment being accurately described and 
the following comments are based on analysis of the boreholes in the Waipara Alluvial Basin. 
However, as the same gravel units are present in the Upper Waipara River Valley, it is 
expected that the aquifers will be similar. 
(a) KOWAl FORMATION 
The Kawai Formation consists of two units; early Pliocene marine conglomerate and siltstone 
deposits, and a thick overlying sequence of early Pleistocene fluvial gravels (Kawai Gravels). 
The original thickness of the Kawai Formation is estimated at between 580 and 650 m 
(Browne and Field, 1985). The Kawai Gravels consist predominantly of weathered 
graywacke and agrillite clasts with some sparse tertiary derived clasts in a silty clay matrix. 
The clasts are rounded to subangular and are poorly sorted (Wilson, 1963; Wilson, 1983). 
A 200 m deep borehole (N34/0296) recently drilled near Omihi School in the middle of the 
Omihi valley to calibrate a seismic survey undertaken by Finnemore and Pettinga (in press), 
penetrated the Kawai Gravels at a depth of approximately 160m. The Kawai Gravels were 
found to be very well compacted clay and silt bound gravels that were difficult to drill through. 
The high clay content and compacted nature of the Kawai Gravels suggest that the gravels 
will have very low permeability. The presence of numerous streams in the area that have 
surface flow over the Kawai Gravels but then disappear (flow underground) when they 
encounter the Teviotdale and Canterbury Gravels support this suggestion. In their ongoing 
work identifying sources of groundwater in the Omihi Valley, Finnemore and Pettinga are 
concentrating their efforts on the Teviotdale and Canterbury Gravels as they do not believe 
the Kawai Gravels will contain any economic aquifers (Pettinga, 2001 ). 
(b) QUATERNARY GRAVELS 
The Quaternary Gravels are separated into the older Teviotdale and Canterbury Gravels and 
the younger Recent Gravels. 
(i) Teviotdale and Canterbury Gravels 
The Teviotdale and Canterbury Gravels represent the two main aggradation deposits of the 
last glaciation separated by a period of river downcutting (Wilson, 1963). The Teviotdale 
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Gravels consist of creamy brown, leached clasts within a supporting matrix of yellow-brown 
fine sand and silt. The clasts are predominantly graywacke and argillite with a few scarce 
Tertiary clasts (Wilson, 1963). Tilting of the beds indica1es that deformation occurred either 
during deposition or soon after (Yousif, 1987; Nicol et al., 1994). The Canterbury Gravels 
represent a younger version of the Teviotdale Gravels, are grey to brown-grey in colour with 
a lower proportion of silty and sandy matrix. The gravels are clast supported and consist of 
predominantly graywacke clasts (Wilson, 1963). 
Most of the wells and boreholes in the area, tap aquifers situated within the Teviotdale and/or 
Canterbury Gravels. The aquifers represent buried river channels within the gravel units and 
are described by Loris (2000) as a complex network of discrete, lithologically and 
hydraulically heterogeneous and anisotropic semi-permeable to permeable channels. The 
aquifers occurring within both the Teviotdale and Canterbury gravels have similar lithologies, 
yields and thickness and are difficult to distinguish from one another and for the rest of this 
study are defined as the Canterbury/Teviotdale Aquifer system. Varying depositional history 
and associated tectonic activity complicates the lateral extent of the formations and the 
associated aquifers (Loris, 2000). Aquifer tests undertaken by Loris indicate that the deeper 
aquifers are slightly more transmissive although the deeper boreholes tend to have longer 
screens that extend over a number of water bearing units. The aquifers are generally 
confined to semi-confined with a number of boreholes yielding flowing artesian water. 
(ii) Recent Gravels 
Recent Gravels are fluvial gravels which form thin veneers on the degradation terraces and 
current flood plains of the Waipara River and its tributaries (Loris, 2000). The deposits 
consist of large boulders and gravels, which are clast supported within a silty clay matrix. 
The boulders and gravels vary from predominantly graywacke in the Waipara River to 
predominantly Tertiary in Omihi Stream and Home Creek. Abstraction galleries and shallow 
wells situated within the current flood plains indicate that the recent gravels have a high 
hydraulic conductivity and are hydraulically connected to the adjacent surface water features. 
5.2.3 CONCEPTUAL MODEL OF THE AQUIFER SYSTEM. 
A conceptual model for the aquifers of the Waipara Area is presented in Figure 5-1. The 
known aquifer system is made up of a series of buried meandering river channels within the 
Canterbury and Teviotdale Gravels (Loris, 2000). Borehole M34/5573 suggests further 
aquifers within the lower Kawai Formation (Greta Beds) or the Tertiary Formation (Mount 
Brown Beds). This is supported by the presence of numerous sinkholes and springs within 
the Tertiary beds and the identification of surface water losses to groundwater where rivers 
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Table 5·1 Boreholes recently drilled in the Waipara Area. 
i 
BQre Grid Reference Po$itlon Depth Yield Use 
; Number l m 
"' M34/0772 M34:8901-8893 East of State Highway 1 Glasnevin 89.7 32.6 Irrigation 
Flats 
M34/0805 M34:85384-90258 Purchase Road Glasnevin Flats 36.0 21.0 Domestic, 
Stock, Irrigation 
M34/5519 M34:8712-8733 Stanton Road Glasnevin Flats 35.4 0.8 Stock 
M34/5537 M34:8410-9280 Upper terrace South Bank Waipara 191.1 7.5 Irrigation 
River 
M34/5540 M34:8499-9273 Mid terrace South Bank Waipara 160.0 Nil Irrigation 
River dry 
M34/5570 M34:8681-9305 Lower terrace south bank Waipara 86.0 3.3 Domestic, 
River Stock, Irrigation 
M34/5573 M34:7957-9264 North bank Waipara where it flows 90.7 25.0 Domestic, 
into the Basin below White Gorge Stock, Irrigation 
M34/5574 M34:8528-9417 Upper Terrace north bank Waipara 114.2 17.8 Irrigation 
'\ River 
M34/5585 M34:8662-9293 Lower River Terrace south bank of 83.0 3.5 Irrigation 
Waipara River 
M34/5586 M34:8620-9207 Georges Road 58.8 2.0 Domestic, 
Irrigation 
N34/0296 N34:9750-9859 OmihiValley 200.0 Nil Seismic 
dry Investigation 
Information from Environment Canterbury's Wells Database and interviews with landowners. 
5.3.2 WATER YIELD FROM WELLS AND BOREHOLES 
Water yield from the wells and boreholes in the area varies significantly from less than 0.25 
1/s through to 32 1/s. Yields are generally low with yields greater then 10 1/s the exception 
rather than the rule. Water yield is poorly correlated to location highlighting the complicated 
depositional history of the area discussed by Loris (2000). High yielding shallow boreholes 
are often situated within a few hundred metres of deeper boreholes which are dry or poorly 
yielding (Figure 5-3). 
Yield- generally increases with depth (Figure 5-4), although it is noted that boreholes 
M34/5540 and N34/0296 were recently drilled to a depth of over 150 m and were essentially 
dry. All the wells and boreholes that draw water from above the surrounding watercourses 
have yields less than 3 1/s. Yields of greater than 10 1/s only occur in wells and boreholes 
which are either directly connected to surface water flows, or are greater than 50 m in depth 
and draw water from below the level of the area's watercourses (Figure 5-4). This suggests 
that seepage from watercourses may be a significant source of recharge and that perched 
water-tables are common. 
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Recorders were also placed in boreholes M34/0690 and M34/0662 to assess the effects of 
pumping from the surrounding wells and boreholes. Both boreholes are situated on the 
Glasnevin Flats within recent subdivisions and are surrounded by numerous small (generally 
5 ha) lifestyle blocks, that have their own boreholes which are pumped for domestic, stock 
and small scale irrigation water. Once again the water level was measured every 15 minutes 
using a Kianga pressure transducer connected to a Campbeii21X data logger. 
Borehole M34/0690 situated off Georges Road, is 26.2 m deep and has a 4 metre screen set 
from 22.2 m to 26.2 m; while borehole M34/0662 is situated off Racecourse Road, is 23.0 m 
deep and is screened from 21.5 m to 23.0 m (refer to Appendix 5.3 for the borehole details). 
Both boreholes draw water from above the level of the Waipara River and water level data 
indicates that there is no connection with the river. Borehole M34/0690 was pumped over 
the monitoring period to supply irrigation water for 1400 olive trees while Borehole M34/0662 
was not utilised. 
Water levels in Borehole M34/0690 declined by over 3 m during the monitoring period 
(Figure 5-8). The rate of natural water level decline was increased approximately 10% with 
pumping every second day and approximately 20% by daily pumping. Within a 600 m radius 
of M34/0690 six other boreholes all of similar depth to M34/0690, are regularly pumped for 
domestic, stock and small scale irrigation water. Relatively small scale pumping (20 m3) from 
boreholes over 125m from M34/690 resulted in induced drawdowns of approximately 0.7 m 
(Table 5-3), which highlights the limited storativity and transmissivity of the aquifers. 
Table 5-3 Induced Drawdowns in Borehole M34/0690, Georges Road Glasnevin Flats. 
eoreh.ol~ Distam:~ to ~>~o~mping ffie!!Jime Effect on' Borehole MS4/0690 
N~nnber MS4/0690'(m) 
' 
nam!iiiY' ll)rawdpwn (Ill) 
M34/0691 50 Initially the same as M34/0690 then every Identical to pumping M34/0690 itself 
day i.e. drawdowns greater than 4 m . 
M34/0689 125 Every second day opposite to M34/0690 Combined effect of a drawdown of 
M34/068B 250 Every Day approximately 0. 7m 
M34/0686 500 Every second day opposite to M34/0690 
' 
M34/0687 440 The same as M34/0690 Can not determine effects 
M34/0692 560 The same as M34/0690 
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It was not until 1996 when Canterbury House Vineyard drilled two wells on their property 
south of the Waipara River and found partially flowing artesian water at a combined yield of 
17 1/s, that the potential of groundwater to supply irrigation water was realised. Between 
January 1996 and June 2001, Environment Canterbury issued 58 Bore Permits authorising 
the drilling of numerous wells within the Waipara Catchment and on the Glasnevin Flats. 
With both the Rural Water Supply Schemes and the surface water resources of the 
catchment already heavily allocated, many landowners are now moving their attention to 
groundwater as a source of both irrigation and domestic water. 
(a) ABSTRACTIONS AUTHORISED BY RESOURCE CONSENTS 
On 1 June 2001 the Environment Canterbury consents database contained 24 current 
consents authorising the abstraction of groundwater in the Waipara Area (Table 5-5). Four 
of the consents are for domestic or public water supply with the other 20 being for irrigation. 
The consents allow abstraction year round although the irrigation abstractions are generally 
only exercised during the dry summer months. Over the 2000-2001 summer six of the 
consents were not exercised due to incomplete infrastructure (namely vines not planted or 
pumps and irrigation systems not installed). 
The current consents allow a total of 20019 m3 of groundwater to be abstracted per day at a 
maximum rate of 3071/s. Of this 2006 m3 (23 1/s) is taken from shallow wells and galleries in 
the bed of the main Waipara River and should be considered surface water takes (Section 
4.2.8). During the 2000-2001 summer actual groundwater usage was 42% of the allocated 
volume indicating that allocation often exceeds need. Actual groundwater usage in both the 
lower Omihi Valley and on the Glasnevin Flats was significantly less than the allocated 
volume with only 6% and 5% of the allocated volume being utilised respectively, Table 5-4. 
Table 5-4 Comparison between Consented Groundwater Abstractions and Actual Groundwater 
Usage in the Waipara Area over the 2000-2001 summer. 
r ~ 
·.Area 
· Consented Abstractions 
\ .. m~/day 
Upper Omihi Valley 7515 
Lower Omihi Valley 890 
Home Creek 2739 
Waipara Township 981 
Waipara River 5317* 
Glasnevin Flats 571 
Total 18013 
- -- --
;Consents Exercised 2000·2001·1 Actual use 2000-2001 1 
m~/c!ay %of· Total· m~/ctay %of Total' 
Allocated ·-- ~-~lloeated' 
7515 100 3279 44 
582 65 53 6 
2739 100 1287 47 
977 99.6 247 25 
4781 90 2670 50 
130 23 30 5 
16723 94 7565 42 
*excludes two takes from the bed of the Wa1para R1ver 
11nformation obtained from interviews with consent holders. 
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Table 5-5 Current Water Permits for Groundwater Abstractions in the Waipara Area as at 1 June 2001 
· flermii.MEJiq~r 'Are~ · CQn~eri• M~~., M!:'X. Pl.frpo$e . Expiry, 
' 
Number R~te Paily i Date 
. ' Us ma 
Gould D.C. Home Creek CRC992691 18 1555 Spray irr pasture/crop 2034 
Netherwood Trust Home Creek CACOO~ 1184 Spray lrr pasture/crop 2035 TQtal .. ; MgmeCreek 2739 
Hull F.T.L. & EM. upper Omihi Valley CRC010 0 25 Trickle irr grapes 
Netherwood Trust upper Omihi Valley 2 6221 Spray irr pasture/crop 2034 
Omihinui Farm Ltd upper Omihi Valley CRC991435 15f1269 Spray irr pasture/crop 2034 
lQtal lllill'>PerOmihi van~v a11 1s1e t .' t 
Black R.G & K. lower Omihi Valley CRC000056 8 384 Trickle lrr grapes 2034 
Cabal Properties Ltd lower Omihi Valley CRC010755 8 154 Trickle irr grapes 2034 
Kitson G.W. & N.M. lower Omihi Valley CRC010754 8 77 Trickle irr grapes 2034 
Litchfield Nominees No lower Omihi Valley CRC010756 8 77 Trickle irr grapes 2034 
14 
Stackhouse K.W. lower Omihi Valley NCY800640 2 198 Domestic Water 2001 
liotlilt: li.Cl!Wef Qmilli' Valley 34 8$}()! ; 
Ashmore A.A. Waipara Township CRC900300 1 9 Glasshouse Irrigation 2004 
Hurunui District Council Waipara Township NCY800767 0 4 Not Used 2001 
Hurunui District Council Waipara Township CRC002019 4 190 Public Water Supply 2035 
Pollard P.J. & 14 others Waipara Township CRC900760A 9 t 21 Domestic Water 2004 
Pollard P.J. & 14 others Waipara Township CRC9007608 28 757 Trickle irr grapes 2004 
!rot~! . f.W~JRlir~l~;twh$hlp 
···u9·1 ~· . ' ·.· I~ Amberley Golf Clu mouth NCY870085 30 918 Spray lrr golf course 2004 
Bakker C. & J.D Teviotdale Bridge CRC991 2 62 Spray lrr flowers 2034 
Canterbury House Lower Waipara CRC980403 21 1814 Trickle irr grapes 
= 
2032 
Ensor T.H. & D.H. mid Waipara River CRC010514 6 536 Trickle Irrigation 2035 
Penhaligon Holdings Upper Waipara 45 23 1987 Trickle irr grapes 2035 
Renowden G. White Gorge CRC9924991 1 86 Trickle irr trees 2034 
Tutton, Sienko & Hill Upper Waipara CRC9204981 22 1920 Trickle irr grapes 2004 
rotal Waipara River , 531·1a 
Viman Investments Ltd Glasnevin Flats CRC940678 5 441 Domestic & Irrigation 2028 
CRC971720 2 2032 Welsh & Ferguson Glasnevin Flats 130 Spray lrr pasture 
Total Glasnevin Wlats 
=i ~ 7 .· 571 \Grand Total· ~0~3 
1 Considered surface water takes a excludes 1 
(b) PERMITTED USE ABSTRACTIONS 
Environment Canterbury's current Regional Plan permits (permitted use) the abstraction of 
small quantities of groundwater as follows: 
'Water may be taken from any groundwater resource under the following circumstances: 
• Up to 20 m3 per property per day may be taken, provided: the bore is further than 50 m 
from any bore on a neighbouring property and; any surface water resource. 
• Up to 100m3 per property per day may be taken (at rate not exceeding 10 1/s), provided: 
the abstraction occurs on a property greater than 20 ha in size and; the bore is further 
than 100 m from any other abstracting bore or any surface water resource.' (Environment 
Canterbury, 2000, p 10 ). 
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Of the 146 wells and boreholes visited during the potentiometric surveys, 86 (59%) are 
currently used to abstract groundwater under the permitted use rules, 8 (5%) are covered by 
resource consents, with the remaining 52 currently not utilised. During landowner interviews 
conducted as part of this study, it was found that approximately 2300 stock units (4%) and 27 
(12%) houses obtain their water requirements from permitted use groundwater abstractions. 
Of the approximately 1300 ha currently irrigated in the area, 37 ha (mostly small olive groves, 
orchards and vineyards) are irrigated from permitted use groundwater abstractions. Using a 
domestic allocation rate of 900 I per household per day (HurUI1ui District Council rural water 
supply scheme allocation rate), a stockwater requirement of 3 I per stock-unit (Fleming, 
1996) and assuming an irrigation rate of 10m3 per ha per day (interviews with various olive 
and grape growers in the area), an estimated volume of 400 m3 per day is abstracted under 
the permitted use rules. This is equivalent to 2% of the volume of groundwater that is 
allocated via resource consents. 
5.4 GROUNDWATER RECHARGE 
Recharge of a particular aquifer can occur via three main mechanisms: 
• the infiltration of precipitation down through the soil profile into the aquifer; 
• seepage of water through the bed of rivers and creeks into the aquifer; and 
• groundwater movement between aquifers. 
(Fetter, 1994 ). 
5.4.1 PRECIPITATION INFILTRATION 
The Canterbury Teviotdale Gravels cover approximately 13700 ha within the Waipara Alluvial 
Basin. Thornthwaite Water Balances conducted at four rain-gauge sites situated within the 
basin indicate that of the 680 mm of average annual precipitation only, 233 mm is available 
for either surface water runoff or infiltration to groundwater (Table 5-6). Based on flow 
measurements from Omihi Stream and Home Creek (Chapter 4.2.7) runoff from the whole of 
the Waipara Alluvial Basin is estimated at 106 mm ± 1 0%. This suggests an annual 
infiltration of precipitation of 116-138 mm which equates to between 16 and 19 million m3 of 
water. This is considered a maximum as it does not consider surface water flow out of the 
Glasnevin Flats via the numerous perennial drains which discharge into the Kawai 
Catchment. 
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Table 5-6 The Results of 1951-2000 Thornthwaite Soil Water Balances tor various site In the Waipara 
Alluvial Basin 
··--
~ .. " --,. ·-.. -·."-·•-, . ·~-
--
' 
--
Site Name ancl Area Pra(;ipitation Actual Evapo- Soil Water 
Number p tran$plrath;m Sur PillS 
I!T~ (r1.1noff + 
infil.tration) 
' ' mm mm mm 
Amberley H32171 Southern end of the Glasnevin Flats 662 437 225 
Baxters Glenrose Upper Omihi Valley 689 443 246 
H4420 
Stackhouses W04 ~d Omihi Valley 745~ 483 262 
Waipara Whytes Waipara Township 625 429 197 
H32072 
-· 
Averase 680 448 233 
Thick clay fragipans within the soil profile (Chapter 2.4) restricts the infiltration of precipitation 
over large areas of the catchment with water tending to pool and flow along the upper 
surface of the fragipan. This flow of water is visible in the gravel pits on the Glasnevin Flats 
during and immediately following heavy rainfall events. 
Aquifer tests undertaken on the Glasnevin Flats indicate that aquifers at a depth of 20 m are 
confined to semi-confined (Loris, 2000) and it is expected that the unconfined section of the 
Waipara aquifer system is limited to the upper approximately 10 m. Infiltration of 
precipitation past the unconfined aquifer will be limited due to the presence of numerous low 
permeability layers and the low transmissivity, storativity and hydraulic conductivity of the 
aquifers (Loris, 2000). Water dating undertaking by Loris indicated that recharge to the 11.8 
m deep well M34/0677 (situated between Purchase Road and Inns Road on the Glasnevin 
Flats) takes approximately 12 years. 
5.4.2 RIVER LOSSES TO GROUNDWATER 
Detailed instantaneous gauging data collected as part of this study identified surface flow 
losses where the Upper Waipara River and Weka Creek flow over Tertiary rock units and 
where the Weka Creek, Omihi Stream and Home Creek flow over the Canterbury Teviotdale 
Gravels. 
(a) RIVER LOSSES TO THE TERTIARY ROCK UNITS 
Approximately 20 1/s of flow is lost from the Upper Waipara River between the confluence of 
the Middle Branch and the confluence of the Southern Branch. Through this section the river 
flows essentially parallel to the eastern limb of the Macdonald Syncline and crosses 
numerous sub vertical beds from the Mount Brown Formation through to the Conway 
Formation. The Weka Creek loses approximately 8 1/s immediately upstream of Ferguson 
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Road were the creek flows over the same beds which are on the western limb of the Waipara 
Syncline and which dip towards the east (downstream) at approximately 30°. The Waipara 
River crosses these beds again between Laidmore Rocid and White Gorge. Instantaneous 
gauging data indicates that despite the inflow of five small tributaries there is only a very 
slight increase in flow over this section. This suggests possible groundwater losses, 
although the lack of detailed gauging data prevents conclusive comment. 
Numerous sinkholes exist where these beds outcrop on the Black Anticline (Loris, 2000), in 
the vicinity of Mount Cass and near White Gorge. Landowner interviews revealed that during 
heavy rain significant volumes of surface water flow into these sinkholes and essentially 
disappear. It is proposed that a bed or possibly a number of beds within the Mount Brown to 
Conway Formation are permeable and contain significant quantities of water. In addition to 
recharge from the sinkholes, the Upper Waipara River and Weka Creek, a large number of 
small tributaries cross these beds creating a potentially significant recharge source. 
(b) RIVER LOSSES TO THE CANTERBURY TEVIOTDALE GRAVELS 
Flow data for the lower Waipara River between White Gorge and the Omihi Stream 
confluence indicates that the river is predominately gaining flow (Chapter 4.3.2). Significant 
recharge of the gravel aquifers of the Waipara Alluvial Basin from seepage from the lower 
Waipara River is therefore unlikely which concurs with the findings of Loris (2000). 
Flow data indicates that large sections of Omlhl Stream and the lower sections of both Weka 
Creek and Home Creek are strongly connected to the area's groundwater. In Weka Creek 
significant flow losses occur below the Glenmark Irrigation Scheme intake structure where 
the creek flows over the Canterbury Teviotdale Gravels. Losses of 80 1/s, 30 1/s and 15 1/s 
were recorded on 28 September 2000, 15 January 2001 and 3 April 2001 respectively. 
While. there is usually surface flow immediately below the intake structure, surface flow only 
occurs at the State Highway 7 Bridge during the wet winter months or immediately following 
large storm events. 
Home Creek (Gienmark Stream) gains much of its summer base flow from the discharge of 
numerous springs between Glenmark Drive and Kings Road. This flow is quickly lost below 
Kings Road, particularly over the 3 km length of stream bed between Kings Road and the 
Railway Line. A loss of 36 1/s was recorded over this section on 3 April 2001. The springs 
occur in areas mapped as Kowal Gravels (Jongens, 2000) while the losses occur where the 
streambed changes to Canterbury and Teviotda!e Gravels. 
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Heiler et al. (1977} found that during high flows in Omihi Stream a significant proportion of 
flow leaves the active channel and recharges shallow groundwater in the recent alluvial 
gravels that flank the stream. Instantaneous gauging data collected as part of this study 
confirmed this, with a loss in flow of over 50 1/s being recorded on 10 October 2000 over the 
3 km section between Baxters Road and Braeburn Pastures. During the summer months, 
surface flow ceases over large sections of Omihi Stream and the numerous deep ponds 
along the streambed are fed by this shallow groundwater system. 
Omihi Stream gains significant quantities of flow from the discharge of springs over the 3 km 
stretch between the confluence of Home Creek and the Glenray Farm Bridge. A gain of 
approximately 150 1/s was recorded on the 5 April 2001. Oxygen-18 analysis undertaken by 
Loris (2000) indicated that the springs have a similar recharge source as Home Creek. It is 
suggested that downstream of Kings Road, Home Creek flows via numerous old buried 
channels and reappears as surface flow via the springs at Glenray. Similar mechanisms are 
suggested for both Omihi Stream and Weka Creek. The substantial springs above Glenray 
Bridge therefore represent discharge from old buried channels of Omihi Stream, Home Creek 
and Weka Creek. 
In addition to losses from the main channels of Weka Creek, Home Stream and Omihi 
Stream, losses from their numerous tributaries are expected. Observations from Smothering 
Gully (a tributary of Omihi Stream) support this in that the creek runs perennially where it 
crosses State Highway 1 but dries before its confluence with Omihi Stream (a distance of< 2 
km). Losses from Omihi Stream, Home Creek, Weka Creek and their tributaries provide a 
mechanism for rapid and significant recharge of the unconfined and shallow confined aquifer 
system adjacent to these streams. 
5.4.3 . GROUNDWATER MOVEMENT BETWEEN AQUIFERS 
The aquifer system of the Waipara Alluvial Basin consists of small semi-permeable to 
permeable old buried stream and river channels within extensive clay bound gravels of low 
permeability. The presence of the clay bound gravels results in the aquifers being confined 
or semi-confined. The extensive clay bound gravels and the very low transmissivity, 
storativity and hydraulic conductivity of the aquifers restricts the vertical and lateral flow of 
groundwater (Loris, 2000), and the movement of groundwa~er between aquifers will be 
extremely slow. Water dating indicated that residence times for most of Waipara's 
groundwater is in excess of thirty years confirming the slow recharge rate (Loris, 2000). 
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5.4.5 RECHARGE CATEGORIES 
There is significant variation in recharge of the gravel aquifers of the Waipara Alluvial Basin 
allowing 7 broad categories to be defined (Table 5-7). The approximate spatial distribution of 
the 7 categories is highlighted in Figure 5-13. Of the seven categories only two, the 
unconfined aquifers in the Recent gravel deposits and the confined and semi-confined 
aquifers adjacent to Home Creek, Omihi Stream, and Weka Creek (Zone 2 Figure 5-13), are 
expected to have significant recharge. The aquifers in the Recent gravels are directly 
connected to surface flow in the areas watercourses and abstractions should be considered 
surface water abstractions. The aquifers adjacent to Home Creek, Omihi Stream, and Weka 
Creek receive significant recharge via seepage from the three watercourses and have the 
best potential for future groundwater development. Gauging data (Chapter 4.2.3) indicates 
flow losses from the three watercourses are approximately 170 1/s during the winter and 80 
1/s over the summer. 
Table 5-7 Recharge Categories for the Aquifers of the Waipara Alluvial Basin. 
;;:~. •"····; •: :·. · ... ': ... !lll~ct.~rl9e~~~r~e ·.··· .·· .. . 'i r ....... ·.·· • .·•.;. ~ .... :·· .· _'.\': 
. !!!fer eategQry i.~l'llra§t'@m~~~~~ •.·.···.··· ·•· ..•.. ·.•:. : ·. 
Aquifers within Recent Gravel Surface water from the Waipara River, Hydraulically connected to the surface water 
deposits in the current flood plains Weka Creek, Home Creek and Omihi resources, accessed via galleries and shallow 
of the areas rivers and creeks Stream (<10m deep) wells 
Unconfined CanterburyfT eviotdale Precipitation Recharge limited due to low rainfall and 
Gravel Aquifer generally <10m presence of fragipan, limited storage and 
deep throughout the basin naturally dries out in summer other than in the 
swampy areas south of Racecourse Road and 
along Stockgrove Road (Zone 5 Figure 5-13). 
Confined and semi-confined Downward seepage from the unconfined Recharge is likely to be slow although it is 
Canterburyrr eviotdale gravel aquifer, tributary losses down fan noted a number of the tributaries are perennial 
aquifers on the Eastern side of surfaces and via burled tributary and have significant catchments. 
the Omihi Valley (Zone 1 Figure channels, possibly some minor upward 
5-13) recharge via fracture zones 
Confined and semi-confined Significant river and tributary recharge, Represents the best potential area for 
CanterburyfT eviotdale gravel suspected recharge via upward groundwater development Potential for rapid 
aquifers adjacent to Home Creek, movement along fracture zones. recharge. 
Omihi Stream, and Weka Creek 
(Zone 2 Figure 5-13) 
Confined and semi-confined Very limited Infiltration of river water and Recharge relatively slow, is likely to improve 
CanterburyfT eviotdale gravel the southward movement of downstream where groundwater movement 
aquifers below the Waipara River groundwater from the previous zone. from the previous zone is likely to be greater 
(Zone 3 Figure 5-13). particularly below the State Highway Bridge. 
Confined and semi-confined Downward seepage from the unconfined Recharge rates likely to be very low, and are 
CanterburyfT eviotdale gravel aquifer, some flow down fan surfaces expected to decrease towards the south. 
aquifers on the Glasnevin Flats around the Eastern and Western Some exceptions occur around the basin 
(Zone 4 Figure 5-13) margins. Below the level of the Waipara margins due to surface runoff flowing down 
River groundwater movement from the fan surfaces. 
north under the river Is likely 
Confined and semi-confined Insufficient data to determine Expected to be similar to the Eastern Omihi 
CanterburyfTeviotdale gravel Valley with some deeper groundwater 
aquifers on the flats between the movement from the north. 
Waipara River and Home Creek 
(Zone 6 Figure 5-13) 
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long-term decline in the volume of water stored in the gravel aquifers of the Waipara Alluvial 
Basin, the volume allocated for abstraction should not exceed 13 million m3 (the minimum 
estimate of recharge 19 million m3 less natural summer decline 6 million m3). 
5.5 SUMMARY 
The known groundwater resources of the Waipara catchment are limited to small, generally 
low yielding aquifers in the clay bound gravel deposits which infill the Waipara Alluvial Basin. 
The high level of allocation of summer flows in the area watercourses, has led to the rapid 
development of these aquifers as landowners looked for alternative sources of summer 
irrigation water. Investigations have been undertaken to determine the extent of the 
groundwater resources and to assess their ability to sustain further development. The key 
findings of these investigations are: 
Hydrogeology and description of the Aquifers: 
• Historically the search for groundwater in Waipara has focused on the aquifers within the 
Canterbury and Teviotdale Gravel deposits which infill the Waipara Alluvial Basin. 
• The aquifers consist of relatively small semi-permeable to permeable old buried river 
channels within the clay bound gravel deposits. The aquifers are of limited thickness 
(generally <1Om), are not laterally extensive, do not transmit water very fast 
(transmissivity 18-92 m2/day) and when pumped experience large drawdowns. 
• Kawai Gravels underlie the Canterbury Teviotdale Gravels and consist of well compacted 
clay and silt bound gravels of low permeability and are not expected to contain significant 
economic aquifers. 
• A recent borehole indicates that a deep groundwater exists within the Tertiary rock units 
which underlie the gravel deposits. 
Existing Wells and Boreholes and Current Groundwater Use: 
• Currently there are 277 wells and boreholes within the study area of which the majority 
are situated within the Waipara Alluvial Basin. 
• Water yields are generally low with yield greater than 10 1/s the exception rather than the 
rule. Wells and boreholes that draw water from above the level of the VVaipara River 
have low yield(< 31/s) and yields generally tend to increase with depth. 
• Water levels dropped by an average of 1.54 m over the 2000-2001 summer, which 
represented a decrease in groundwater storage of approximately 7.1 million m3. 
• Water level data indicates that the Waipara River is not significantly connected to the 
area's groundwater resources. 
• Regular small scale pumping results in water levels in the new subdivisions on the 
Glasnevin Flats being held at an artificially lower level during summer. Boreholes in the 
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area have long recovery rates, generally do not fully recover between pumpings, and 
suffer significant interference effects and induced drawdowns. 
• Current allocation of groundwater stands at 18 013 m8 per day, of which 42% (7565 
m8/day) was actually used during the 2000~2001 summer which resulted in an estimated 
1.4 million m3 being abstracted over the 2000·2001 summer. 
• An estimated 400 m3 is abstracted per day under the current permitted use regulations. 
Groundwater Recharge: 
• Groundwater recharge throughout much of the area is extremely slow due to the low 
permeability of the clay bound gravels that dominate the area and the low transmissivity 
of the area's aquifers. 
• Low precipitation, high evapo-transpiration rates and fragipans in the soil profile result in 
limited infiltration of precipitation which is essentially restricted to the unconfined aquifer. 
• Significant river losses occur from Weka Creek, Home Creek and Omihi Stream and their 
tributaries. These flow losses recharge the adjacent aquifers. 
• Evidence suggests significant volumes of water occur within the Lower Kowai or Tertiary 
beds that underlie the gravels. Upward movement of this deep groundwater along fault 
and fracture surfaces is expected to recharge some of the deeper aquifers in the gravels. 
• Seven recharge categories are identified for the gravel aquifers of the Waipara Alluvial 
Basin of which only two, the unconfined aquifers in the Recent gravel deposits and the 
confined and semi-confined aquifers adjacent to Home Creek, Omihi Stream, and Weka 
Creek (Zone 2 Figure 5-'13), are expected to have significant recharge. 
• Total annual recharge to the gravel aquifers of the Waipara Alluvial Basin is estimated at 
between 19 and 24 million m3 per year, of which 16-'19 million is from infiltration of 
precipitation and 3-5 million m3 is from seepage from Omihi Stream, Weka Creek and 
Home Creek. 
• The natural summer decline in groundwater storage is approximately 6 million m8 or 
between 25% (24 million m3 recharge) and 32% (19 million m3 recharge) of estimated 
annual recharge. 
• To prevent a long term decline in the volume of water stored in the gravel aquifers of the 
Waipara Alluvial Basin the volume allocated for abstraction should not exceed 13 million 
m3 (minimum recharge 19 million m8 less natural summer decline 6 million m3). 
Given that recharge is limited over large sections of the Waipara catchment continued 
development of the area's groundwater resources has the potential to lead to over allocation. 
This issue is further investigated in Chapter 7 which looks at management of the water 
resources of the catchment. 
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6 WATER BALANCE AND RESOURCE SUMMARY 
6. 1 INTRODUCTION 
This chapter contains two main themes: initially a water balance is completed and then a 
summary of the water resources of the Waipara Catchment is presented. The water balance 
uses climate and surface water hydrology data to estimate net groundwater movement. This 
groundwater information is then combined with data from the previous chapters to produce a 
summary of the area's water resources under both summer and winter conditions. The 
summary is used in considering management options in Chapter 7. 
6.2 WATER BALANCE FOR THE WAIPARA CATCHMENT. 
6.2.1 INTRODUCTION AND PREVIOUS WORK 
The water balance for a catchment is essentially a study of the principle of the conservation 
of mass (in this case water) for that catchment. Simply put "the water that flows into a 
catchment must either flow out or be stored within the catchment" (Clausen and Spigel, 
1999, pi-4). The use of water balance calculations is a longstanding and well recognised 
hydrological method. In ,most water balance studies all the elements of the water balance 
other than evapo-transpiration are measured or otherwise estimated and evapo-transpiration 
is calculated as the residual. Rosenberg et al. (1983) found that when water balances are 
applied to large areas accurate spatial averaging of inputs and outputs becomes difficult due 
to variations in rainfall over large areas and the lack of homogeneity in topography and soils. 
In New Zealand water balance studies have been undertaken to both describe catchments 
(Toebes and Palmer, 1969; Toebes and Morrissey, 1970) and to highlight the effect of land-
use change (Dons, 1987; Campbell and Murray, 1991; Fahey and Watson, 1991; Rowe and 
Fahey, 1991 ). Horrell undertook a water balance for the Waipara Catchment in 1992, and 
found that net evaporation was 550 mm/yr. Horrell's water balance did not account for the 
flow of groundwater out of the catchment through the lower Waipara Alluvial Basin as 
identified by Loris (2000). In the water balance presented in this chapter, evapo-transpiration 
will be estimated using established equations, allowing groundwater loss from the Waipara 
catchment to be estimated as the residual of the water balance. 
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6.2.2 THE THEORY OF WATER BALANCES 
The water balance equation for a hydrologic system is simply the equation for conservation 
of mass. Because water is practically incompressible, conservation of mass can be 
expressed as conservation of volume and the water balance for hydrological studies 
becomes: 
l=O+M or l-O=M 
where I= the sum of all inflows namely precipitation (P), river inflow (Oin), groundwater 
inflow (Gin) and water imported (Rin) into the catchment. 
0 = the sum of all outflows namely evapo-transpiration (E), river outflow (Oout), 
groundwater outflow (Gout) and water exported (Rout) from the catchment. 
AS= the change in storage (groundwater and surface water) over a given period. 
Using a topographic catchment with no river inflow and defining the terms J).G =(Gout- Gin) 
and M = (Rour - Rin) the above equation can be rewritten as: 
P-E -Q -J).G-M =AS out (Adapted from Clausen and Spigel, 1999, pp 2-4) 
In undertaking the water balance consistent units must be used. It is convention that the 
quantities of each of the variables are given as depth per unit time mm/yr. 
The majority of catchment water balances are completed for a given number of whole years. · 
At the end of each winter the area's lakes, dams and wetlands will be full and groundwater 
will be at its highest level. As such there will be very little change in the volume of storage 
from the end of one winter to the end of the next. This allows the assumption that there is no 
change in storage (i.e. AS ""'0 ). In Waipara surface water storage is relatively limited 
(Chapter 4.5) and landowner interviews indicated that the majority of dams fill every year 
over winter. In terms of groundwater levels the only long term monitoring data available is 
from a shallow well in Waipara Township (M34/0058). Water level data from the well 
indicates that while water levels fluctuate from winter to summer they generally return to the 
same level at the end of winter Figure 6.1. The average water level in August is 4.99 m 
below ground (based on 18 readings with a range of 4.19m - 6i.17m). Given that the water 
balance is being undertaken using average annual data over 50 years (1951-2000) the 
assumption that there is no change in storage will be valid. 
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Errors associated with catchment precipitation fall into two categories: 
• Measurement errors, and 
• Errors associated with estimating areal precipitation based on a number of point 
measurements. 
Measurement errors, due to both aerodynamic effects (disturbed air flow over the top of the 
rain-gauges) and evaporation of collected precipitation, tend to reduce the amount of 
recorded precipitation. In both cases the errors are expected to be small due to the nature 
and positioning of the rain-gauges and the frequency of readings (Appendix 3. i ). 
The majority of the fourteen rain-gauges used to determine catchment precipitation are 
situated close to human activity at lower elevations and in valley floor positions with only 
three situated at an elevation of over 300 m. As such, catchment precipitation is likely to be 
underestimated as the records do not reflect hill top situations. Using the 'precipitation map 
established in Chapter 3 (Figure 3.3) which accounts for elevation the 1951-2001 mean 
annual catchment precipitation was estimated at 857 mm or 604 million m3. While the 
precipitation map was not utilised for the water balance, it provides an estimate of maximum 
potential precipitation. 
Given the above, the 1951-2000 mean annual precipitation for the Waipara Catchment is 
conseNatively estimated at 771 mm :1:5% with a potential maximum of 857 mm. 
(b) IMPORT OF WATER 
Of the five rural Water Supply Schemes operative in the Waipara Catchment, only the 
Waipara Township water supply scheme derives water from within the catchment. The other 
schemes source water from a combination of the Hurunui, Waitohi and Ashley Rivers. 
The schemes were initially established in the 1960's by the local community and have 
subsequently been extended and upgraded. The lack of secure water sources in the 
Waipara Catchment was recognised during the development of the schemes; hence the 
decision to source water from outside the catchment. The schemes cover a large section of 
the catchment particularly the Omihi Valley, Waipara Flats, Masons Flat and the Weka Pass 
areas. A suNey of landowners in the area (undertaken as part of this study) revealed that 
the rural water schemes supply 35% of the area's stock water requirements and 63% of the 
domestic water (excluding houses in the Waipara Township). Land owner inteNiews 
revealed that many properties rely on the schemes with approximately 15 000 ha and 115 
000 stock units deriving stock water solely from the schemes. Without the schemes, the 
viability of a number of the properties in the areas would be seriously compromised. 
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Management of the schemes is now the responsibility of the Hurunui District Council. The 
schemes are run on a cost recovery basis with water allocated on a unit system where every 
house is allocated one unit (1800 I) per day and stock water is allocated at a maximum of 1 
unit per 25 ha. The schemes are heavily allocated with very little spare water and a lengthy 
waiting list for either new connections or additional units. 
A summary of the total water allocated via the schemes is shown in Table 6-2 below and 
shows that almost 900m3 of water is imported into the catchment each day, which equates to 
326000m3 annually or 0.5mm/yr. 
Table 6-2 The Rural Water Supply Schemes operative in the Waipara Catchment 
,~--~---·<""'·'-~ 
' vC'Jt4me~ali~~atect.(frPawer .. day;)t senem~ N~un~ . W~ter SO.\:Irce 
Hurunui Lower Waitohi Waitohi River 234 
Hurunui Upper Waitohi Waitohi River 356.4 
HURUNUI- HURUNUI NO 1 Hurunui River 149.2 
Ashley Scheme Ashley River 153.9 
Waipara Township Supply Groundwater 120 domestic connections 
Total (exWaipara Town Supply) 893.5 
*Based on information obtained from the Hurunui District Council's Databases, 15 February 2001 
The above volumes represent allocated water rather than actual water use and do not 
account for any leaks in the piping network. Given that landowners are billed on the water 
allocated, actual water use is expected to be similar to the allocated volumes especially 
during the summer months and the above volumes and are expected to be accurate to within 
5%. 
{c) GROUNDWATER INFLOW INTO THE CATCHMENT 
Groundwater movement generally follows the dip of the geological strata. Almost all of the 
strata surrounding the Waipara Catchment dips away from the catchment and groundwater 
inflow is expected to be negligible. Given this, the net groundwater flow determined by the 
water balance will represent groundwater loss from the catchment. 
6.2.4 OUTPUTS 
Water outputs from the catchment are made up of evapo-transpiration, river outflow and 
groundwater outflow. It is noted that there is no export of water out of the catchment. As 
previously outlined, the aim of this water balance is to estimate net groundwater movement 
for the catchment. 
102 
Chapter Six - Water Balance and Resource Summary 
(a) EVAPO-TRANSPIRATION 
As outlined in Chapter 3, Thornthwaite soil water balances were used to calculate actual 
evapo-transpiration rates for fourteen sites around the Waipara area. Annual actual evapo-
transpiration rates ranged from approximately 430 mm near Waipara Township to over 530 
mm in the coastal hills. Utilising Thiessen polygons (Figure 6.2) an estimate of mean annual 
1951-2000 actual evapo-transpiration of 332.9 million m3 or 475 mm was determined for the 
Waipara Catchment. The contribution from each of the areas is summarised in Table 6-3 
below. 
Table 6-3 1951-2000 Mean Annual Actual Evapo-transpiration for the Waipara Catchment 
-.~ .. 
'Sit~. Sl!~,.~~tchm~nt Area Area Anrnntl Act~Jal · ~vafl),q.-tran&plr~UiQA· 
h~ . % mrn· 10~m~ i % of11Yot~!f 
Fox Creek Upper Walpara 1550 2.2 514 8.0 2.4 
Macdonald Downs Upper Waipara 14176 20.2 451 64.0 19.2 
Masons Flat Upper Walpara 4838 6.9 508 24.6 7.4 
Melrose Upper Waipara 7675 10.9 521 40.0 12.0 
Pig Flat Upper Walpara 4828 6.9 495 23.9 7.2 
·SubTotal > ' '· .· •· ... li ~a.ge:r 4V.2c 
•• 
4ee>· .t6QA ·: ~~~2 
; Whit~ ~<;>ig~ · M.t~W~it¥~ra' , ~{7c7• 9\T 41l'~ 3()!2 .···l!!l.f 
Baxters Omihi Stream 5002 7.1 443 22.1 6.6 
Hamilton Glens Omihi Stream 3215 4.6 536 17.2 5.2 
Stackhouses Omihi Stream 3274 4.7 483 15.8 4.7 
Manahune Home Creek I 4253 6.1 495 21 '1 6.3 
Omihi Stream 
' SubTotal N:l744 22;q 484 7E't2 22.9 
Glenallen Weka Creek 4291 6.1 459 19.7 5.9 
Sandhurst Weka Creek 4439 6.3 471 20.9 6.3 
8730 12.4 4€15 4Q;6 1'2.2 
Amberley Lower Waipara 23 0.0 437 0.1 0.0 
Whytes Lower Waipara 5781 8.2 429 24.8 7.4 
c 
Sub Total 5804 8.3 429 24.9 7.5 
' Open water evaporation I! 44 1?- 1'39::1 Q,6 0.2 
, l'otal - Whole Catchment 70122 ' 109 475 332.9 100 
Errors associated with evapo-transpiration from the catchment fall into two categories: 
• Errors associated with determining Actual Evapo-transpiration .at a particular site, and 
• Errors associated with estimating catchment evapo-transpiration based on a number 
of point measurements. 
The Thornthwaite soil water balances utilised monthly precipitation and Priestley Taylor 
potential evapo-transpiration data in conjunction with soils qata to determine actual evapo-
transpiration at 14 sites in the Waipara area. Potential errors in the measurement of 
precipitation (discussed earlier) tend to underestimate precipitation which will limit actual 
evapo-transpiration during period of climatic deficit. 
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The Priestley Taylor model for evapo-transpiration (Priestley and Taylor, 1972) utilises easily 
measured climatic data to predict potential evapo-transpiration and has been successfully 
applied in many areas (German, 2000). The model is based on the two most important ET 
factors: temperature and solar radiation. The model is semiempirical in nature and contains 
an empirically derived constant which relates to evaporation over a free-water surface or a 
dense well watered canopy. Fisher (2001) compared five evapo-transpiration models 
against data measured from a six-year-old ponderosa pine forest ecosystem in Northern 
California, U.S.A. and found that while the Priestley Taylor model slightly overestimated 
evapo-transpiration it was the most accurate model despite its relative simplicity. 
The potential evapo-transpiration data used for this study was obtained off the NIWA Climate 
Database and was calculated assuming low vegetation such as pasture or crops. Evapo-
transpiration from forested areas is higher than that of pasture catchments due to their taller 
structure, reduced aerodynamic resistance, greater ability to intercept precipitation and their 
ability to draw water from greater depths during droughts (Fahey and Rowe, 1992). During 
the Purukohukohu catchment study in the central North Island (N.Z.), Dons (1987) found that 
annual evaporation was 270mm lower for a pasture catchment than it was for an adjacent 
catchment in pines. Similarly Smith (1987) found that at Berwick in East Otago (N.Z.) annual 
evaporation in a pastured catchment was 293mm less than for an adjacent catchment of 14-
year-old pines. Approximately 11 % of the Waipara catchment is vegetated in indigenous 
forest, native forest or riparian willows with a further 10% covered in scrub. Using Priestley 
Taylor potential evapo-transpiration data calculated for low vegetation will result in evapo-
transpiration being underestimated in areas covered with taller vegetation. 
The Priestley Taylor method also does not incorporate the effects of wind and in areas where 
wind is an important factor, the Priestley Taylor method tends to underestimate potential 
evapo-transpiration ET P (Rosenberg et al., 1983). This is potentially of concern as the 
Waipara area often experiences hot dry winds from the north-west during the summer 
months. As the Thornthwaite soil water balances were undertaken using monthly data 
averaged over a minimum of 12 years, the effects of wind would be somewhat reduced due 
to the averaging process. Likewise the water balance was undertaken on an annual basis 
further reducing any errors associated with the actual evapo-transpiration data. 
While the soils in the area have been mapped in reasonable detail (Chapter 2), accurate 
measurements of their available water capacity are limited. Available water capacity for each 
soil units was estimated from assessing the soil profiles to determine rooting depth and then 
standard available water values outlined in New Zealand Standard NZS51 03 (1973). The 
rooting depth was taken as the lesser of: the depth to the top of any barriers to root growth 
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(namely fragipan layers), the depth to the bottom of the B Horizon or 1200 mm. While this is 
considered appropriate for improved pasture, native grasslands and shallow rooting scrub 
and tussock land, it is conservative in that many larger trees and deep rooting drought 
tolerant species such as lucerne, grapes and olives have root systems that can penetrate to 
greater depths. A conservative estimate of rooting depth would lead to a similarly 
conservative estimate of the soils available water capacity which would limit the amount of 
water available for evapo-transpiration during periods of climate deficit. Given that close to 
80 % of the catchment is vegetated in improved pasture, native grasses and tussock errors 
in the estimation of the 'rooting depth are expected to be minor. 
Catchment evapo-transpiration was estimated by spatial averaging the fourteen point 
measurements using the Thiessen polygons method. The fourteen sites are biased towards 
lower elevations and valley floor positions. Higher elevations and hilltop situations generally 
experience higher precipitation, which would reduce the periods when actual evapo-
transpiration is limited due to climatic deficits. Similarly hilltop situations generally 
experience less topographic shading and are often more exposed to wind than valley floors 
which would tend to increase potential evapo-transpiration rates. Conversely the lower 
temperature and increased frequency of cloud or rain tends to reduce potential evapo-
transpiration rates at higher elevations. 
Given the potential sources of error outlined above the error range for the estimate of 
catchment evapo-transpiration is expected to be ± 10 %. The 1951-2000 mean annual 
evapo-transpiration rate for the Waipara Catchment is estimated at 475 mm ± 10 %, or within 
the range 428 mm/yr to 523 mm/yr. 
(b) RIVER FLOW 
Utilising the Flow Model described in Chapter 4, the 1951-2000 mean annual flow in the 
Waipara River at White Gorge is some 3308 1/s. As shown in Figure 4.4, this represents a 
flow of 4720 1/s at the Teviotdale Recorder. Annually, some 149 million m3 of water flows out 
of the catchment which equates to 212 mm per unit area of the c~tchment. 
The accuracy of this estimate is dependant on three variables: 
1. the flow data obtained from the White Gorge recorder, 
2. the Flow Model used to extend the flow record, and 
3. the extrapolation of flow in the Waipara River at White Gorge to flow out of the 
catchment at Teviotdale. 
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Environment Canterbury has operated the White Gorge recorder site since February 1988. 
The site has been operated in accordance with standard hydrological practices and data 
from the site has been audited against nationally accepted quality assurance standards 
(Lockington, 1992). Mean Annual Flow rates calculated for the site are expected to be very 
accurate (within 5 % of actual) given the quality of the data collected, the length of records 
(12 years) and the averaging effect which tends to attenuate errors in the instantaneous flow 
records. 
The errors associated with the model were discussed in Chapter 4 and are expected to be 
relatively small with the standard error of the model being approximately 4% of the mean 
annual flow. The correlation factor between flows at White Gorge and those at the 
Teviotdale recorder is 95%. The data used in the correlation, represented both high and low 
flows and covered the range of mean annual flow. As such, errors associated with 
extrapolating the flow at White Gorge to flow at Teviotdale are expected to be minor. 
Due to the above errors, the 1951-2001 Mean Annual Flow estimate for the Waipara River at 
Teviotdale is 4720 1/s ± 5%, or within the range 4480 1/s (202 mm/year) to 4960 1/s (223 
mm/year). 
6.2.5 WATER BALANCE FOR THE WAJPARA CATCHMENT 
The 1951-2000 mean annual water balance for the Waipara Catchment is: 
P-E-Qout -M=l1G 
The water balance reveals a net groundwater movement !1G of 85 mm/yr (Table 6-4). On 
an annual basis, net groundwater movement is out of the catchment at a rate of almost 60 
million m3 per year or 1.9 m3/s. This is equivalent to approximately 40 % of the river flow out 
of the catchment. While the error range associated with this estimate is large, the estimate 
gives a direction and order of magnitude of net movement of groundwater in the Waipara 
Catchment. 
Table 6-4 1951-2000 Mean Annual Water Balance calculation for the Waipara Catchment 
' Wat~r !3al~nce Variable 1951-2000 Mean AnAual Catchment Discharge 
mm/yearlt.mit; area 
, Minimum • Best Estimate Maximum 
Precipitation p 732 771 857 
Actual Evapo-Transpiration ETA 428 475 523 
River Outflow from the Catchment Oout 202 212 223 
.. Net Import of Water into the Catchment L'.R -0.5 ·0.5 -0.5 
· Net movement of Groundwater .d.G -1·4' 85 228 
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Sensitivity analysis revealed that catchment precipitation and actual evapo-transpiration are 
the dominant values in the water balance. The accuracy of the water balance is therefore 
predominantly determined by errors in the estimates of catchment precipitation and actual 
evapo-transpiration (Table 6-5). 
Table 6-5 Sensitivity Analysis of the 1951-2000 Mean Annual Water Balance for the Waipara Catchment. 
·-v~r;a~~~ -~·- ~· .. . oitf~renc~ v-~ ··"r-. .. -"' -~''"''·-"· V~lll~ Calc•.dat~d, n~l m~v~;m1ent ! ~~~rc,nta1;Je ... 
· c;~f Grou.nawater · I ~rror · · 
' mm/y:$ar I~ .n ITH'l'l/y:~a r' . mm/y:ean i 
' 
%' 
Pmin 732 46 -46 -54% 
Pmax 857 171 86 101 % 
ETA min 428 132 47 55% 
ETA max 523 37 -48 -56% 
Oout min 202 95 10 12% 
Oout max 223 74 -11 -13% 
.llR min 0.5 85 0 0% 
.llR max 0.5 85 0 0% 
Best Estimate 85 
The water balance was undertaken on a sub-catchment basis to determine net groundwater 
movement for the major sub-catchments of the Waipara River. The upper catchment above 
White Gorge and the Weka Creek catchment loose small quantities of groundwater (4 '1 
mm/yr, and 35 mm/yr respectively), while, the Omihi Stream catchment looses a significant 
quantity of groundwater (187 mm/yr or approximately 1000 1/s) (Table 6-6). It is suspected 
that groundwater in the upper catchment flows in a northerly to north-easterly direction 
through the Mason Flat area following the dip of the tertiary rock units. This is consistent 
with the identification of flow losses from the upper Waipara River (Chapter 4.2.3). 
Groundwater·trom the catchments of Weka Creek and Omihi Stream is known to flow to the 
south.through the gravels which underlie the Glasniven Flats (Loris, 2000). 
Table 6-6 1951-2000 Mean Annual Water Balance calculation for the Waipara River Sub-catchments 
Water Balanee Varial)le 1951-2000 Mean AnnYii!l Catchment Discllarge mm/yr 
Upper catchment Weka ll Omihi 'Jlotal 
mm/y:r above White Gorge Creek Stream 
Precipitation p 838 693 772 771 
Actual Evapo-Transpiration ETA 485 465 484 475 
River Outflow from the Catchment Oout 312 194 103 212 
Net Import of Water into the Catchment 8R . 1.0 1.5 0.5 
' Net movement of Glloundwater ~G 41 35 187 85 
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6.2.6 DISCUSSION OF THE WATER BALANCE 
Using Darcys Law (Darcy, 1856) and the findings of Loris (2000), groundwater flow in the 
Canterbury Teviotdale Gravel Aquifers under the Glasnevin Flats was conservatively 
estimated af 200 lis (refer Appendix 6.1 for the calculation). Flow is directed out of the 
Waipara Catchment towards Amberley. Comparison with the identified groundwater losses 
from the Weka Creek and Omihi Stream catchments suggest that the lower catchment is 
leaking groundwater in areas other than out through the gravel aquifers of the Lower 
Waipara Basin. This supports the suggestion that deeper groundwater exists within the 
lower Kawai or Tertiary beds. 
Horrell (1992) identified the Masons Flat area as an area where surface water was being lost 
to groundwater and it is speculated that groundwater could be moving out of the Waipara 
Catchment to the catchments of both the Waitohi and Hurunui Rivers to the north. 
Unfortunately there is insufficient water level data from the Masons Flat area to determine a 
potentiometric gradient and groundwater flow direction. It is noted that while a number of 
wells have been drilled in the Masons Flat area, most have tended to be either dry or very 
low yielding suggesting there is limited groundwater in the area. The identification of 
groundwater losses from the upper catchment as indicated by the water balance, support the 
findings of Horrell (1992). 
The presence within the catchment of significant areas of limestone sediments with karst 
topography and numerous sinkholes provides a potential pathway for water to leak from the 
catchment, particularly from the Coastal Hills where the limestone strata dips towards the 
catchment boundary. Numerous large springs emerge from areas of limestone and 
sandstone geology to the east of Mount Cass. During landowner interviews, a number of 
landowners stated that fresh water up-welling (potentially caused by large springs on the 
seabed) occur off the coastline east of Mount Cass. The gauging runs undertaken as part of 
this study identified surface water losses to groundwater in both the Weka Creek and the 
Main Waipara River over lengths where the substrate was limestone and sandstone. 
Similarly the only borehole (M34/5573) that penetrates into the limestone and sandstone 
beds, has the third highest yield of all boreholes in the Waipara Area. Finally, the very low 
runoff contribution of the upper Omihi Stream catchment (1.12 l/s/km2) (Horrell, 1992) and 
the higher runoff contribution of the adjacent Motunau River catchment (2.57 1/s/km2, Horrell 
1992), suggest that groundwater could be moving from the Omihi Stream Catchment to that 
of the Motunau River. Although it is noted that the Motunau catchment itself has very low 
runoff suggesting losses to deep groundwater. 
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As outlined in Chapter 2, the Waipara area is tectonically very active and numerous folds and 
reverse/thrust faults cross the topographic boundary of the catchment. Movement of 
groundwater out of the catchment along fault traces, particularly fault traces through 
limestone sediments, is also possible. 
6.3 RESOURCE SUMMARY FOR THE WAJPARA CATCHMENT 
To summarise the information collected in this and previous chapters two, schematic 
diagrams have been produced which highlight the water resources for the Waipara 
Catchment during both the wetter winter months and the dry summer months (Figure 6.3 and 
6.4). 
The summer period covers the months of December to February while the winter period 
covers June to August. The diagrams highlight: 
• mean monthly precipitation and actual evaporation at fourteen sites in the Waipara Area, 
• mean monthly river flow at various sites within the catchment, 
• mean monthly groundwater recharge rates, 
• mean monthly allocated and actual water usage, and 
• annual net groundwater movement out of the catchment. 
The precipitation and actual evapo-transpiration rates were determined from monthly 
precipitation records and Thornthwaite soil water balances undertaken at each site (Chapter 
3). Flow in the Waipara River was determined from the White Gorge flow recorder which has 
been operational since February 1988. Regression relationships based on instantaneous 
flow gauging data were used to determine flow at various other sections of the river (Chapter 
4 ). Flow data and information from the Thornthwaite soil water balances was used to 
calculate groundwater recharge rates (Chapter 5). Net groundwater movement was 
calculated in the water balance presented at the start of this chapter. The volumes of water 
both allocated and actually used within the catchment were determined from analysis of 
Environment Canterbury's resource consent files and landowner interviews (Chapters 4 and 
5). 
The diagrams highlight the seasonal nature of the water resources of the Waipara 
Catchment. This is primarily due to the very seasonal effect of evapo-transpiration. During 
the winter months the mean annual outflow of the Waipara River is almost 8500 1/s; however 
this drops to slightly over 1350 1/s during the summer months. 
Water allocation and use from Weka Creek, Home Creek and Omihi Stream is significantly 
higher during the winter months than the summer. This is mainly due to the Glenmark 
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Irrigation Scheme which harvesting water during higher flows. Water usage from the main 
Waipara River is almost 500 % greater in the summer than it is during winter. This highlights 
a potential problem in that greatest water usage from the Waipara River coincides with the 
period of least flow. There is potential to supplement some of the summer water takes from 
the main Waipara River by harvesting water during the winter months and the author is 
aware of at least two water users which are investigating this possibility. 
Groundwater use is essentially restricted to the summer months with only minor domestic 
and stock water abstractions occurring over the winter. Groundwater recharge from the 
infiltration of precipitation is limited to the winter months with essentially no recharge 
occurring over the summer. Recharge from seepage from the area watercourses occurs 
throughout the year although the rate of recharge is reduced by approximately half during the 
summer. During the winter recharge from seepage represents approximately 1 0% of the 
recharge from the infiltration of precipitation. 
Groundwater flows out of the catchment at a rate of 1900 1/s. This represents less than 25% 
of the river flow out of the catchment during the winter but is 40% larger than the summer out 
flow. 
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6.4 SUMMARY 
A water balance using climate and surface water hydrology data from the previous chapters 
is established for the catchment to estimate net groundwater movement from the catchment. 
The key findings obtained from the water balance were: 
• Using precipitation records from 14 sites the Thiessen polygons method indicated that 
the 1951-2000 mean annual precipitation for the Waipara Catchment was 771 mm/y (541 
million m3/yr) ± 5 %. The upper catchment receives 51% (838 mm/yr, 277 million m3/yr), 
Omihi Stream and Home Creek 23 % (772 mm/yr, 122 million m3/yr) and Weka Creek 
11% (693 mm/yr, 61 million m3/yr) of the precipitation. 
• Using a precipitation map which accounts for elevation the 1951-2000 mean annual 
precipitation for the Waipara Catchment was calculated as 857 mm/yr (604 million m3/yr). 
• The rural water supply schemes import almost 900 m3/day ± 5 % (0.5 mm/yr, 0.3 million 
m3/yr) into the catchment. 
• Based on soil water balances undertaken at the 14 precipitation sites the Thiessen 
polygons methods indicates that the mean annual 1951-2000 actual evapo-transpiration 
was 475 mm/yr (333 million m3/yr) ± 10 %. 
• The estimated 1951-2000 mean annual flow in the Waipara River at the Teviotdale 
recorder is 4720 1/s ± 5 %, which equates to 212 mm/yr (149 million m3/yr) ± 5 %. 
• For the Waipara catchment the net movement of groundwater is in an outwards direction 
at an estimated rate of 85 mm/yr (60 million m3/yr, 1900 1/s). It is suspected that much of 
the ground water movement out of the catchment is via flow though the tertiary strata 
particularly in the Omihi Stream catchment. 
• Net groundwater movement varies between the subcatchment of the Waipara River with 
the upper catchment above White Gorge loosing 41 mrri/yr, Weka Creek 35 mm/yr and 
Omihi Stream 187 mm/yr. 
An outline of the area's water resources under both summer and winter conditions was also 
developed which highlighted the following key points: 
• The water resources of the Waipara catchment are extremely seasonal due to the effects 
of evapo-transpiration. During summer actual evapo-transpiration exceed precipitation. 
113 
Chapter Six - Water Balance and Resource Summary 
• During the winter months (June -August) mean annual flow in the Waipara River at the 
Teviotdale Recorder is over 8500 1/s while over the summer months (December-
February) this drops to slightly over 1350 1/s. 
• Water abstractions from Home Creek, Weka Creek and Omihi Stream occur 
predominantly during the winter while water abstractions from the Waipara River are 
dominated by summer abstractions. 
• There is potential for water harvesting of high flows in the Waipara River to augment 
water abstraction during summer low flows. 
• Annual groundwater recharge to the Canterbury/Teviotdale gravel aquifers has been 
estimated at between 19 and 24 million m3 and occurs predominantly during winter due 
to infiltration of precipitation (16-19 million m3). Seepage from the areas watercourses is 
estimated to recharge the areas groundwater by between 3 and 5 million m3 annually. 
In describing the water resources of the catchment the first objective of this study has been 
achieved. The description is used to as a basis for making management recommendations 
in the following chapter. 
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7 WATER RESOURCE MANAGEMENT IN WAIPARA 
7. 1 INTRODUCTION 
The aim of this chapter is to identify the issues facing the management of the water 
resources of the Waipara area and to use the information generated in previous chapters to 
make management recommendations. The issues facing water management are identified 
through stakeholder interviews, which are then discussed with consideration of the current 
management structure and the resource summary presented in Chapter 6. Management 
recommendations are presented at the end of the chapter. 
As outlined earlier, the focus of this study is the quantity of the water resources of the 
Waipara catchment, their use and allocation. Water quality is not investigated and this 
chapter does not consider water management in regard to water quality. 
7.2 PREVIOUS WORK 
Finlayson and Brizga {2000) suggest that water management in New Zealand has evolved 
through three main phases: inception, engineering and environmental. The inception phase 
covered the efforts of individual settlers to obtain water supplies, drain swamps and control 
flooding and erosion. In Waipara, this phase was typified by the development of water 
schemes for individual properties including the digging of numerous shallow wells, the 
construction of windmills and the tapping of springs. The engineering phase was 
characterised by governments and statutory authorities taking a leading role in water 
management, and involved extensive engineering works and services. The development of 
both the rural water supply schemes and the Glenmark Irrigation scheme occurred during 
this phase. The environmental phase covers the recent shift to more holistic management. 
In New Zealand, the enactment of the Resource Management ,Act (RMA) in "1991 which 
promotes sustainable management of resources, is an example of this shift. 
The value of holistic whole catchment studies to quantify the impacts of both natural and 
anthropogenic change on land and water resources is well recognised (Bowden, 1999; 
Thompson, "1999; Australian Representative Basins Program, 1982). New Zealand has a 
long history with whole catchment studies from the establishment of the 'Representative 
Basins Programme' between 1964 and 1976 (Toebes and Palmer, 1969; Toebes and 
Morrissey, 1970) through to a integrated catchment management study currently being 
undertaken on the Motueka Catchment near Nelson (Tasman District Council et al., 2002). 
The majority of these studies have focused on describing catchments and collecting 
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hydrological information on the effects of both different land-uses and land-use change. 
Such studies have provided useful information for planning, resource management and 
environmental monitoring throughout New Zealand, but have generally not included the 
social aspects of catchment management. The Motueka study and similar New Zealand 
ones, for example the Taieri River Otago, the Whatawhata Catchment Hamilton and 
Waitakere Catchment near Auckland (Tasman District Council et al., 2002) as well as 
international projects such as the Hydrology for the Environment, Life and Policy (HELP) 
programme (UNESCO - United Nations Educational Scientific and Cultural Organisation, 
2002), indicate a move towards integrated studies aimed at improving the link between 
knowledge of the physical environment and the needs of society. 
Integrated (or total) catchment management is widely recognised as an appropriate means 
for achieving sustainable management of water resources (Mitchell, 1990; Bowden, 1999; 
Loucks et al., 1999; Brizga and Finlayson, 2000; Memon, 2000; New Zealand MfE, 2000). 
Bowden (1999) suggested that although the RMA is based on an integrated approach to 
environmental management, the practical application of the RMA to date has not generated 
this integration. Bowden suggested that due to limited resources, Regional and District 
Councils prioritised the production of policy and planning documents during the initial years 
of the RMA. Frieder (1997) noted that this planning, while valuable, left little time or effort for 
implementing integrated environmental management. The development of Catchment 
Management Plans via participatory approaches is seen by the author as a method for 
achieving this integration. Such plans provide physical hydrologists with the opportunity to 
consider communities and the greater environment as promoted by Young et al. (1994). 
Martin and Lockie (1993) highlighted the need for information to be generated in a form that 
allows a catchment wide perspective and encourages meaningful community participation, 
and that catchment management should be 'community driven' rather than 'expert centred'. 
This was further supported by Syme et al. (1994) who found that community ownership of the 
management process was vita to Australia's 'Whole Catchment tv'fanagement Programme'. 
Environment Canterbury and its predecessors have produced catchment plans under the 
Resource Management Act 1991 for the Waimakariri and Opihi Rivers (Canterbury Regional 
Council, 1995a, 1995b), and are currently developing a management plan for the Ashley 
River which is situated immediately south of the Waipara catchment (Mosley, 2001 a, 2001 b). 
The Resource Management Act 1991, ensures that water management in New Zealand 
involves extensive consultation with stakeholders (Court of Appeal, 1991; Environment Court 
New Zealand, 1998). As such, the production of the Waimakariri and Opihi Plans and the 
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current process for the Ashley River have involved extensive consultation including the 
formation of stakeholder and user groups. 
In regard to water management in the Waipara area, in 1993 the Canterbury Regional 
Council produced an issues and options document as the starting point for the development 
of a catchment management plan. The water resources of the area were summarised and 
five key water management issues were identified: (1) minimum flows, (2) water allocation, 
(3) the effects of land-use change, (4) resource usage information and (5) riverside willows. 
A change in planning focus from catchment plans to regional plans resulted in the Waipara 
Catchment Plan being put on hold while Environment Canterbury developed the Canterbury 
Natural Resources Regional Plan. 
7.3 CURRENT WATER MANAGEMENT IN WAIPARA 
The management of water resources throughout New Zealand falls under the legislative 
framework provided by the Resource Management Act 1991 (RMA). Within Canterbury the 
RMA requires that various policy documents and plans are produced (Figure 7.1 ). 
NATIONAL POLICY 
e.g Water Conservation National Policy National Envlronm'ental NZ Coastal 
Orders Statements Standards Polley Statement 
~ 
CANTERBURY REGIONAL POLICY STATEMENT I ...._. 
{Regional objectives, policy and methods) I 
~ 
Resource CANTERBURY NATURAL RESOURCES REGIONAL PLAN 
Investigations (Detailed objectives, policy, environmental standards, regional rules and other methods) 
& ...._. 
Public \ 
Consultation Soils & Land Use Water Air 
l 
. Proposed Regional Coastal Environment Plan 
Implementation <II:- Proposed Oplhi River and Catchment Plan 
.,.._ 
l Proposed Waimakarhi River and Catchment Plan Land and VegetaUon Management Plan Various District Council Plans 
Monitoring 
I 
Figure 7. 1 The Regional Planning Framework for Canterbury under the RMA 
(Adapted from Canterbury Regional Council, 1999, p23) 
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The overall purpose of the RMA is "to promote the sustainable management of natural and 
physical resources" (Section 5, Part II, RMA 1991 ). Under Section 30 of the RMA, 
Environment Canterbury has been given the role to promote the sustainable management of 
Canterbury's water resources. In regard to water quantity, Environment Canterbury suggests 
that sustainable management will involve ensuring that "changes to flows and water levels do 
not compromise ecological processes and.the range of values and uses provided to present 
and future communities" (Canterbury Regional Council, 1999, p15). 
As required under the RMA, Environment Canterbury produced a Regional Policy Statement 
(Canterbury Regional Council, 1998) which sets out how natural and physical resources are 
to be managed in an integrated way to promote sustainable management throughout 
Canterbury. According to the Regional Policy Statement (RPS), it is a priority that a water 
level, flow and allocation regime be established for the Waipara and Kawai Rivers, their 
catchments and associated groundwater systems (Canterbury Regional Council, 1998, 
Policy 4, Chapter 9, p12B-129). 
7.3. 1 REGIONAL PLANS 
Environment Canterbury is currently reviewing their policies and procedures in relation to the 
management of the natural resources of Canterbury. Duringrthis review process, numerous 
policy documents have been produced and extensive consultation undertaken. In relation to 
water quantity and management, 'Water our Future' (Canterbury Regional Council, 1999) 
was produced as a starting point for the process and the recently produced draft chapters of 
the 'Canterbury Natural Regional Resources Plan' (NRRP) (Environment Canterbury, 2001) 
summarise Environment Canterbury's current position. 
The draft NRRP addressed the issue of water quantity by initially establishing procedures for 
setting flow and/or water level regimes and then outlining how water will be allocated. Flow 
regimes should determine minimum flows and may include additional provisions such as 
sharing, or a cap on abstractions to maintain flow variability. The draft NRRP indicates that 
in establishing a flow and water level regime for the Waipara Catchment, particular regard 
should be had for the 'mauri' (life force) of the river and the habitat of native fish 
(Environment Canterbury, 2001, Policy WQN4, pS-35). The total amount of groundwater 
allocated for abstraction in the Waipara area is to be restricted so that there is no significant 
long-term decline in mean annual groundwater levels (Environment Canterbury, 2001, Policy 
WQN 10, pS-47). 
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Environment Canterbury's objective in relation to water allocation is to 
(a) "maximise the amount of water that is available for allocation, and allocate it in ways that 
enables people and communities to maximise their social, economic an cultural well 
being and their health and safety. 
(b) establish allocation regimes that identify at least a primary allocation block within which 
the reliability of supply does not become a factor that limits the long-term economic 
viability of uses that are dependent on water." 
(Environment Canterbury, 2001, Objective WQN 3, p5-49). 
Security of water supply is the main consideration when determining the size of the primary 
allocation block. For surface water abstractions, an appropriate level of security has been 
defined as having a high level of water availability for three out of five years with a severe 
event occurring one year in ten. For groundwater abstractions, a high level of availability is 
to be achieved four years out of five with a severe event occurring one year in twenty. Once 
a flow and water level regime is operative for the Waipara catchment, a water allocation 
regime is to be developed which will determine the maximum volumes and/or rates of water 
that can be abstracted. If the existing amount of water already allocated exceeds the 
allocation regime, Environment Canterbury plans to review the reasonable use needs of 
each water user. The draft NRRP requires that abstractions be metered, and that water be 
used in an efficient manner and wastage avoided. The NRRP also provides guidance on 
how bores should be established and how groundwater abstractions shall be managed in 
terms of interference effects on neighbouring wells and stream depletion. 
The Waipara Catchment has no allocation regime and the draft NRRP indicates that as an 
interim measure, the maximum surface water allocation will be; the flow exceeded 80% of 
the time during January and February less the established minimum flow. Similarly for 
groundwater, the maximum allocation will be 50% of the annual recharge. Using flow data 
from White Gorge, the surface water allocation limit would be 26 1/s (80% exceedence flow 
for J~nuary and February of 76 1/s less the minimum flow of 50 1/s). It is noted that 270 1/s 
are currently allocated from the Waipara river during summer (Chapter 4.2.8), indicating that 
the river is currently well over allocated when compared to the guidelines outlined in the draft 
NRRP. Recharge to the gravel aquifers of the Waipara Alluvial basin from the infiltration of 
precipitation (16-19 million m3) and seepage from watercourses (3 - 5 million m3), has been 
estimated at between 19 and 24 million m3. It is estimated that a minimum of 6 million m3 of 
this recharge is required to cover normal summer decline in the unconfined aquifers. This 
leaves a maximum of between 13 and 18 million m3 which could potentially be available for 
abstraction. Currently 18,013 m3/day is allocated via resource consents (Chapter 5.3.4), 
most of which is for summer irrigation. Assuming irrigation continues for a maximum of 6 
months, the current allocations equates to between 18% (18 million m3 recharge) and 25% 
(13 million m3 recharge) of the estimated maximum recharge. While this suggests the 
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potential for further allocation, it is noted that recharge is not evenly distributed throughout 
the Waipara Alluvial Basin and many of the existing abstractions are in areas where recharge 
is expected to be very limited (the shallow confined aquifers under the Glasnevin Flats and 
the eastern portion of Omihi Valley). 
In regard to the impact of land~use change on water yield, the draft NRRP is principally 
concerned with the impacts of afforestation of pasture catchments. Afforestation can cause 
a significant reduction in water yield and catchment runoff (Dons, 1987; Fahey and Watson, 
1991 ). The draft NRRP addresses this issue by identifying 'forestry sensitive catchments' 
and proposing controls on the afforestation of these catchments. Waipara due to its low 
elevation, low rainfall and lack of storage is classified as a forest sensitive catchment, and 
therefore could face future controls on afforestation. 
7.3.2 CONSENTS 
As the NRRP is not currently operative, management of the water resources of the Waipara 
area is based around controlling water abstractions via resource consents. Six minimum 
flow sites have been established in the Waipara catchment (Table 7.1 ). 
Table 7.1 Minimum Flows in the Waipara Catchment 
•. River or Stream Reach Minirnl!m Flow Gauging Site Year Createcf 
(1/s) 
Waipara River above Stringers Bridge 50 White Gorge 1994 
Waipara River between SH1 and 60 Stringers Bridge 1978 
Stringers Bridge 
Waipara River below the SH1 bridge 80 Greenwoods (Teviotdale) Bridge 1978 
Omihi Stream 57 Baxters Road Bridge 1977 
Home Creek 57 Kings Road Bridge 1977 
10 Kings Road Bridge 1987 
Weka Creek 28 Below the Glenmark Irrigation 1977 
Scheme intake structure 
Most of the minimum flows were determined in the absence of any quantitative data and 
there are a number of inconsistencies in the minimum flow regimes. Questions have been 
raised over the ability of the minimum flows to protect the aquatic ecosystems of the Waipara 
River (Canterbury Regional Council 1993). 
The lack of continuous flow data from all but the White Gorge site, makes it difficult to 
implement the minimum flows. Flows at both Stringers Bridge and Greenwoods (Teviotdale) 
Bridge can be accurately estimated from the flow at White Gorge (Table 4.1 Chapter 4), but 
flow at the other three sites (Baxters Bridge, Kings Road Bridge and below the intake for the 
Glenmark Irrigation Scheme) must be measured using instantaneous flow gauging. It is 
noted that the January 2001 and April 2001 gauging runs undertaken as part of this study 
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indicated that flow in both Omihi Stream and Home Creek were below the minimum flows; 
however Environment Canterbury did not impose minimum flow restrictions on either 
watercourse during the 2000~2001 summer. 
Of the 29 existing consents that authorise the abstraction of either surface water or 
hydraulically connected groundwater, 26 have conditions relating to minimum flows or 
residual flows (Table 7.2). There are a number of inconsistencies in the minimum flow 
conditions with different minimum flows applied to similar activities. Most (19 of 26) of the 
minimum flow conditions relate to minimum flow sites which are upstream of the abstraction 
points and their effectiveness is questioned. Under the current regime (when the flow in the 
Waipara River at White Gorge is immediately above 50 1/s), the downstream users are 
authorised to abstract 184 1/s or three times the actual water available. 
Table 7.2 Low Flow Conditions on current Water Permits in the Waipara Catchment as at 1 June 2001 
(Summarised from Environment Canterbury's consent files) 
Permit Holde~ C<m~ent Minim~m !flow or. Minim~Jm!Fiow Site 
Numbet< Residual Flow 1/s 
Home Creek 
Glenmark Homestead CRC011833 10 Kings Road Bridge 
Gould D.C. CRC920808B 57 Kings Road Bridge 
Hutt Creek Vineyards Ltd CRC920812B 57 Kings Road Bridge 
McGuckin D.J. CRC920820 10 Kings Road Bridge 
Omihi Stream 
Corbins Wines Ltd CRC920816A 57 Baxters Road Bridge 
Gienray Farming & Chancellor CRC920817B 57 Baxters Road Bridge 
Stackhouse K.W. CRC920814B 57 Baxters Road Bridge 
Stackhouse K.W. NCY800639 57 Baxters Road Bridge 
East M .C. (tributary) CRC920699A-B 1.0 Residual flow Small Tributary 
Savill E.M. (tributary) CRC916346A-B 0.5 Residual flow Small Tributary 
Weka Creek 
Whyte A.E. and others CRC920803C 28 Residual flow 
Waipara River 
Canterbury House Vineyard CRC940238 50 \White Gorge 
Johns B.S. CRC940475 50 and 53 White Gorge 
Litchfield Nominees No 14 Ltd CRC010463 65 White Gorge 
Maungatahl Farms CRC950255 161 White Gorge 
Stewart R.G. CRC992263 50 White Gorge 
Tutton, Sienko & Hill CRC920498 50 White Gorge 
Williams G.E.D. CRC920790 600 White Gorge 
Chapman B.A. CRC000546 60 Stringers Bridge 
Maungatahi Farms CRC920587 60 Stringers Bridge 
Maungatahi Farms NCY840049 60 Stringers Bridge 
Rangatahi Downs Ltd CRC920588 60 Stringers Bridge 
Retallick T.E. & M.C.L. CRC920650 60 Stringers Bridge 
Croft W.H. & R CRC920476 80 Teviotdale (Greenwoods} Bridge 
Donaldson I.M & C.C CRC920345A 80 Tevlotdale (Greenwoods) Bridge 
Donaldson I.M & C.C CRC920345B 80 Teviotdale (Greenwoods) Bridge 
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Environment Canterbury has established procedures for considering consent applications 
whereby the proposed activity is assessed against the requirements of the RMA, the 
associated plans and relevant council policies. Th'e surface water resources of the 
catchment are already highly allocated and it is recognised that potential abstraction rates 
exceed normal summer supply (RMA W1 00/95, 1995). It is noted that the last new surface 
water abstraction consent granted (excluding renewals) by Environment Canterbury was 
applied for in 1995 and involved a hearing of the Environment Court. 
Environment Canterbury has recently received a large increase in consent applications for 
the abstraction of groundwater from the Waipara Alluvial Basin. Of the 24 current 
groundwater abstraction consents in the Waipara area, 13 were issued since the start of 
1999. In assessing groundwater abstractions, Environment Canterbury considers the 
induced drawdown effects the abstraction may have on surrounding wells and boreholes and 
potential stream depletion effects. The complicated nature of the aquifers of the Waipara 
area (Loris, 2000), results in difficulties in assessing both induced drawdowns and stream 
depletion. In granting groundwater abstraction consents in Waipara, Environment 
Canterbury's current practice is to use a consent duration of 35 years (the maximum 
allowable under the RMA). 
7.3.3 MONITORING 
In relation to water quantity, Environment Canterbury's current monitoring programmes are 
separated into three sections: 
1. Groundwater level monitoring, 
2. Surface water flow monitoring, and 
3. Compliance monitoring of water permits. 
Historic groundwater monitoring in the Waipara area has been erratic and very limited. 
Seven wells and boreholes within the field area were measured between 1956 and 1986 by 
the North Canterbury Catchment Board and the Department of Scientific and Industrial 
Research as part of a· three-monthly water level monitoring run. One well in the Waipara 
Township has 30 years worth of data and four others in excess of 20 years. The wells with 
long water level records are all relatively shallow (<20m), essentially tapping the unconfined 
aquifer, and there are no long term records of water levels in the deeper semi-confined and 
confined aquifers. Unfortunately the monitoring run was discontinued in 1986 and there is a 
gap in monitoring until late 1999 when Loris (2000) established a water level monitoring run 
for the Waipara Alluvial Basin. Currently Environment Canterbury monitors (on a monthly 
basis) the water level in 29 wells and boreholes in the Waipara Alluvial Basin. Continuous 
water level monitoring undertaken as part of this study has revealed that many of the 29 
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wells and boreholes are strongly affected by pumping which reduces the usefulness of the 
monthly point measurements. 
Monitoring of surface water flows in the Waipara catchment is based around two continuous 
flow recorder sites (White Gorge and Teviotdale) and numerous instantaneous flow 
measurements. The current monitoring programme involves undertaking regular 
instantaneous flow gauging to continually update the flow rating curves for both sites and to 
undertake gauging runs down the river during periods of low flow. Detailed gauging runs 
undertaken as part of this study have assisted in determining tributary contributions and the 
interaction of surface water with groundwater. 
Environment Canterbury have a programme of compliance monitoring whereby water permit 
holders are visited to check if they are complying with the conditions of their water permits. 
This usually involves using a flow meter to determine rates of abstraction and flow gauging to 
determine if minimum flows have been reached. In the Waipara Area a number of the 
consent holders have been visited, although to date the focus has been on discharge 
consents rather than abstraction consents. Environment Canterbury has used compliance 
monitoring to determine actual water usage in various parts of Canterbury. Until this study 
there was no information on actual water usage in the Waipara area. 
7.4 CURRENT MANAGEMENT ISSUES 
The issues associated with water management in the Waipara area were identified by 
researching the policies and positions of the following stakeholders that have an interest in 
the management of the water resources of the Waipara Catchment: 
• landowners, 
• tangata whenua namely Ngai TOahurirri ROnanga of Ngai Tahu.; 
• the Department of Conservation 
• the Royal Forest and Bird Society 
• the Fish and Game Council 
• the Hurunui District Council, and 
• Environment Canterbury 
Policy documents and reports produced by the stakeholders were reviewed along with any 
submissions made in relation to water abstraction consents for the Waipara area. Interviews 
were held with representatives of the various stakeholder groups to assess the current 
issues. To allow comparison between stakeholders, a standard interview format was utilised 
(Appendix 7.1). The interviews took approximately an hour to complete and involved 
substantial discussion on the water resources of the area and their management. 
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7.4.1 LANDOWNERS 
Water management in the Waipara area is a long standing and significant issue for all 
Waipara landowners. The lack of secure stock and domestic water sources was recognised 
as early as the 1960s when the landowners began the establishment of the various water 
supply schemes that now cover the area. The recent formation of the 'Water for Waipara' 
action group (August 1998) and the Omihi Irrigation Society (October 1999), indicates the 
current high level of interest in water management. 
Interviews were held with 106 landowners from the Waipara area to assess their thoughts on 
the current use and management of water resources and their desires for the future. 
Collectively the interviewees own or manage over 570 km2 (77% of the catchment), over 
327000 stock units and represent 211 households. The majority of the. interviewees are 
sheep and beef farmers indicating the major land-use in the area Table 7.3. 
Table 7.3 Classification of Landowner Interviewees 
' 
l L.~ndowner Type (p~sed·on main economic activity*) ·Number i Percentage of Total 
Sheep, Beef and/or dryland Crop Farming 72.5 68 
Viticulture 9.5 9 
Irrigation Farmers (Excluding vineyards) 8 8 
Other dryland Livestock Farming (Deer) 3.5 3 
Lifestyle properties- with Grapes ', 4 4 
Lifestyle properties - with Olives 4 4 
Other Lifestyle properties 3.5 3 
Forestry 1 1 
1 : 
''Fotal 106 100 
*Where a landowner is mvolved in 2 approximately equal economic activities they are assigned 0.5 each. 
The interviewees showed a good understanding of the RMA with 44% having a fair to good 
understanding. Participation in the resource consent process was the main avenue for 
learning about the RMA. When asked to describe sustainable management in regard to 
water resources, 71% of the respondents gave a definition that was generally consistent with 
the principles of the RMA. The following quotes where given by the respondents: 
- "future users safe-guarded" Interview No 8, 6/3/01 - "maintaining fishery" 63, 1/5/01 
- "not mining or over-using" 24, 13/3/01 - "not depleting springs" 64, 1/5/01 
- "appropriate and efficient use of water" 9, 9/3/01 - "not upsetting natures balance" 21, 1213/01 
- "maintaining water quality and not polluting"3, 2/3/01 - "working with the environment" 11, 7/3/01 
- "minimum flow levels" 26, 15/3/01 - "water is precious" 69, 1/5/01 
-"water security" 31, 16/3/01 - "biodiversity, big picture" 69, 1/5/01 
- "conservation of the environment" 47, 5/4/01 - "need to plan long term" Interview 78, 24/7/01 
- "monitoring, research and understanding" 48,9/4/01 -"minimise effects" 98, 10/10/01. 
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In regard to whether or not Waipara's water resources are currently being managed 
sustainably: 41 respondents thought that they were, 17 thought they were not, with the 
remaining 45 having some concerns over current management, while 3 did not feel in a 
position to comment. The lack of understanding of the water resources (particularly 
groundwater), the lack of a management plan, the inefficient use of water by some 
landowners and the lack of flow in the Waipara River were the main reasons why the 
sustainability of the current management regime was questioned. 
All the interviewees expressed a significant knowledge of current water use and 
management in Waipara. Concerns over the current management system could be grouped 
into the following eight main themes {in no particular order): 
• security of domestic and stock water supplies, 
• understanding of the water resources/environment, 
• water quality, 
• security of irrigation supply, 
• environmental and ecological concerns over river flow, 
• safe guarding future options, 
• efficient use of water, and 
• consultation and local involvement in management. 
<, 
In regard to future management, the respondents outlined a number of issues as 
summarised in Table 7.4. A large number of landowners indicated that they were concerned 
with the lack of local input into current water management in Waipara, especially resource 
consents. It was suggested that resource consent applications should be presented to a 
committee of elected local landowners who would then make recommendations to the 
governing body. This is similar to the current system by which the various rural water supply 
schemes are, managed. 
Numerous landown.ers in the catchment have made submissions on resource consent 
applications to abstract surface water. Most of these submissions have been based on 
ensuring adequate water remains in the river for existing abstractors and encouraging the 
efficient use of water. Due to the already high level of allocation (particularly during the 
summer), existing abstractors are very concerned about applications for new abstractions. 
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Table 7.4 Water management issues as Identified by Landowners 
Issue N'-'mb~rqf 
lnterviewe~$ 'Comments 
Water management to be based on knowledge and 32 Need for more monitoring and 
information of the Waipara's water resources. research. 
Local representation in water management, user 29 The formation of the Water for 
groups to manage water under a set of rules. Waipara group and the Omihi 
Irrigation Society. 
An independent governing body is required to 28 Environment Canterbury was 
establish rules, ensure fairness and to protect the considered an appropriate governing 
environment body. 
Use of water harvesting as an appropriate method 21 The Glenmark Irrigation Scheme was 
for sustainably managing water. considered a good example. 
The need to put the limited water resources of the 19 Assessment of actual water needs, 
Waipara to the best possible use. use of efficient irrigation methods and 
drought tolerant crops. 
Water allocation must be based on a fair and equal 19 There was a concern that existing 
system. users have tied up the water 
resources restricting future users. 
The Waipara environment is precious, we need to 13 Rules are required to protect the 
work with it and protect it. eQvironment, namely minimum flows 
in the Waipara river. 
Numerous landowners rely on the rural water 11 The need to manage and maintain 
supply schemes. the rural water supply schemes. 
The sharing of information and open consultation is 9 Any Catchment Management Plan 
vital to achieving good water management. must be developed through 
consultation. 
Land development (e.g. establishing grapes) is a 6 Development of a holistic long-term 
long-term venture and requires long term direction. management plan. 
Given the significant cost associated with 5 Development of a flow regime which 
establishing irrigation schemes developers need provides security of supply for 
security of supply to justify investment. irrigators. 
To assess proposed development in the area and future land-use/water demand, 
interviewees were asked how they envisaged their property in 25 years. Based on 
landowner responses, a predicted land-use map was developed for 2025 (Figure 7.2). The 
significant ·land-use changes that have occurred in the catchment over the last 25 years 
(Table 2.1, Chapter 2) are projected to increase over the next 25 years (Table 7.5). 
Afforestation of over 5000 ha of predominately scrub and tussock land in the upper 
catchment is expected to occur. Landowners indicated that provided water was available 
they expected an approximately seven-fold increase in the area irrigated (an additional 6900 
ha) for olives, vineyards and crops, with the area in vineyards conservatively expected to 
triple (an additional 750 ha) by 2025. Assuming an irrigation rate of 10 m3 per ha per day 
(interviews with various olive and grape growers in the area) approximately 800 1/s of 
irrigation water would be required over the summer months to irrigate the 6900 ha for grape 
. or olive production. 
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Table 7.5 Land Usage within the Waipara River Catchment and Glasnevin Flats 2001 2025 comparison 
L.and-use ~001 2025 Change 
ha % ha % Ha % 
Urban Spaces 93 0.1 93 0.1 0 0.0 
Bare Ground (River Bed) 327 0.4 327 0.4 0 0.0 
Mine Dumps 9 0.0 9 0.0 0 0.0 
Inland Water (Dams and Lakes} 19 0.0 19 0.0 0 0.0 
Wetlands 10 0.0 10 0.0 0 0.0 
Coastal Sands 29 0.0 29 0.0 0 0.0 
Willows 556 0.8 533 0.7 -23 -0.1 
Olive Groves 107 0.1 145 0.2 38 0.1 
Vineyards 342 0.5 1097 1.5 755 1.0 
Irrigated other (crops, pasture etc) 739 1.0 6788 9.2 6049 8.2 
Prime Pasture 40001 54.1 31424 42.5 -8577 -11.6 
Tussock and Native Pasture 16609 22.4 14208 19.2 -2401 -3.2 
Scrub 7723 10.4 6825. 9.2 -898 -1.2 
Indigenous Forest 1079 1.5 1079 1.5 0 0.0 
Planted Forest 6353 8.6 11410 15.4 5057 6.8 
Lifestyle Blocks* 1377 1.9 2035* 2.8 658 0.9 
Total· (excluding Lifestyle Blocks) 7!3996 1Q~);O· 13996 100,0 Q o,o 
* exclude from total as lifestyle blocks are already classified according to their land-use 
Given that groundwater recharge rates are very low and the sutface water resources are 
already well over allocated during summer (Section 7.2.1 ), substantial water harvesting of 
high flows and improved efficiency of water use will be required to achieve the projected 
increase in area irrigated. The author is aware of two landowners who are currently 
investigating the development of on-farm storage facilities to augment their abstractions 
during periods of low flow. Previous work indicates that the projected afforestation will 
reduce runoff, further limiting the flows in the Waipara River. 
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7.4.2 TANGATA WHENUA 
Tangata whenua (people of the land) have a strong cultural, spiritual and physical link with 
water and waterbodies. The condition of water reflects the state of the land and this in turn is 
a reflection of the health of tangata whenua (Canterbury Regional Council, 1998). Water is 
identified as a very significant taonga {treasure) and is an essential element of all life 
representing the lifeblood of Papatuanuku (the earth mother), the tears of Rangi {the sky 
father), and the domain of Tangaroa (the guardian of the sea) (Larking, in press). 
The Waipara Catchment lies within the rohe of the Ngai TCtahurirri RCtnanga of Ngai Tahu. In 
1999, Te RCtnanga o Ngai Tahu produced a freshwater policy statement which outlines the 
iwi's position in regard to freshwater resources. Ngai Tahu strongly promotes holistic 
catchment specific strategies under their 'Mountains to the Sea' policy (Te Runanga o Ngai 
Tahu, 1 999, p11 ). According to Ngai Tahu, each waterbody has its own natural/cultural 
values and associated issues which they suggest are best dealt with on a case by case 
basis. 
In managing water, Ngai Tahu are particularly concerned that the mauri (life force) of a 
waterbody is protected. This requires: 
• Protection of the water's capacity to renew itself 
• Ensuring instream flows are sufficient to sustain mahinga kai species 
• Development of flow regimes that incorporate both minimum flows and flow variability 
• Protection of the exchange of freshwater and seawater at the river mouth 
• Prevent the unnatural mixing of waters from different water bodies 
{Te Runanga o Ngai Tahu, 1999) 
Thorough consultation and the collection and dissemination of information on individual 
watefbodies are seen as important requirements for the development of appropriate 
management regimes. 
While the policy provides overall direction in regard to water management, Te RCtnanga o 
Ngai Tahu indicate that individual rCtnanga must be consulted to determine the site-specific 
issues. An interview was held with representatives of Ngai TCtahuriri ROnanga (TOahuriri) to 
discuss the specific issues associated with water management in Waipara. Maori have a 
long history with the Waipara for gathering mahinga_kai {food and resources) and as part of a 
main walking track along the east coast of the south island. Two nohoanga {areas used for 
temporary settlement to allow the gathering of mahinga kai) exist along the Waipara River, 
one adjacent to the estuary and the other near the Waipara Township. Similarly a tauranga 
waka (canoe landing sites) is situated north of the Waipara River mouth. In terms of 
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instream values, the estuary, the upper Waipara River above Laidmore Road and the 
swamps in the upper catchment are considered the most important areas by TOahuriri. 
TOahuriri are currently very concerned with the state of the Waipara environment. The 
occurrence of very low flows, the clogging of waterways by willows, the presence of 
significant algal growths during the summer and the reduction of mahinga kai, are seen as 
indications thatthe current management regime is not adequately protecting the environment 
and therefore can not be sustainable. TOahuriri support the need for 'hands on' planning and 
management where management bodies actually visit areas, understand them and do actual 
work. The replacement of local water boards and catchment boards by regional councils and 
the centralisation of functions to Christchurch has in TOaburiri's opinion resulted in a 
decrease in 'hands on' water management in the Waipara area. The increase in willows 
along the Waipara River over the last 10 years is cited as an example of the negative effects 
of this. 
TOahuriri believe that the water resources of the area are not well understood. There is a 
need for the development of a holistic management plan that establishes rules that can be 
enforced and monitored. They believe that such a plan needs to be based on a thorough 
understanding of the Waipara environment and produced via an open and fair consultation 
process. The current system of managing Waipara's water resources via resource consents 
is not supported by TOahuriri, as it leads to repetition of the same issues and makes it difficult 
to consider the environment holistically. It is noted that to date TOahuriri have not submitted 
on any consent applications involving water abstractions from within the Waipara catchment. 
TOahuriri highlighted the need for people who are involved in consultation to buy into the 
process. It was felt that some consultation processes were better described by the old 
adage of; 'we know you can hear us but are you listening'. 
In association with Environment Canterbury, TOahuriri recently undertook a joint monitoring 
programme on the Waipara River aimed at establishing a relationship between Maori values 
for water and river flow (Larking, in press). The study was based on earlier work by Tipa and 
New Zealand MfE (1999), who undertook a similar study on the Taieri River, Otago. Three 
sites along the river were inspected and assessed by representatives of TOahuriri on a 
monthly basis between September 1999 and October 2000. During the study, TOahuriri 
assessed the overall health of the Waipara River to be good. While it was found that the 
mauri of the Waipara river was strongly linked to flow, the assessment of mauri required a 
holistic assessment of the river and the surrounding environment. 
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7.4.3 DEPARTMENT OF CONSERVATION 
The Department of Conservation (T e Papa Atawhai) is a government organisation 
established by the 1987 Conservation Act with the mandate to conserve the natural and 
historic heritage of New Zealand. In relation to water management, the Conservation Act 
requires the Department of Conservation (DOC) to preserve indigenous freshwater fisheries 
and to protect recreational freshwater fisheries and fish habitats, much of which is achieved 
through conservation advocacy and via planning opportunities created by the RMA. Under 
the RMA, DOC has had significant input into the development of 'Flow guidelines for 
instream values' (New Zealand Ministry for the Environment, 1998), 'Water our Future' 
(Canterbury Regional Council, 1999) and the draft 'NRRP' (Environment Canterbury, 2001 ). 
For conservation purposes, DOC administers 146 ha of reserve land in the Waipara 
catchment (< 0.2 % of the catchment area). Similarly DOC considers the mouth of the 
Waipara River an important habitat for birdlife (O'Donnell and Moore, 1983). 
DOC has not submitted on any water abstraction consents that have been granted in the 
Waipara Area and during an interview with DOC representatives, it was indicated that DOC 
does not have many concerns regarding the Waipara river and is more concerned with both 
the Hurunui and the Ashley rivers. DOC is currently promoting the protection of wetlands 
throughout the country and as such would like to see the wetlands in the Waipara catchment 
(particularly those in the upper catchment) protected. 
DOC was recently involved in a stakeholder process to develop a flow regime for the Ashley 
River. The process was found to be very useful and DOC supports the use of stakeholder 
groups in the development of catchment specific management plans. During the Ashley 
River process, DOC sought a flow regime consisting of a minimum flow based on the 7 -day 
mean annual low flow, and flow sharing above that. 
DOC recognises and is concerned about the effects afforestation can have on water yield. 
Although in regard to forestry in the Waipara catchment, DOC is currently more concerned 
with the protection of native vegetation and the effects of forestry on habitat, landscape and 
visual values. In its submission on the proposed Hurunui District Plan, DOC sought controls 
on afforestation and that land-use consents covering forestry be assessed in terms of 
"providing for the potential adverse effects of forestry on water yield" (Todd, 2000, p5). 
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7.4.4 FOREST AND BIRD 
The Royal Forest and Bird Protection Society is New Zealand's largest national conservation 
organisation and is active on a wide range of conservation and environmental issues. The 
Society's mission is to preserve and protect the native plants, animals and natural features of 
New Zealand. 
While Forest and Bird have not submitted on any water abstraction consents in the Waipara 
Area, they consider the river to be over allocated and that ecological values are not 
sufficiently protected. The current practice of managing Waipara's water resources via 
resource consents and minimum flows is not supported, as successive applications to 
abstract water from the river can result in river flows being whjttled away to nothing. Forest 
) 
and Bird expressed concern over Environment Canterbury's current practice of issuing 
maximum duration (35 year) groundwater abstraction consents, as it does not believe there 
is sufficient understanding of the groundwater resources to do so. 
In relation to water management, Forest and Bird support an ecological or ecosystem 
approach where all factors affecting water are considered. It suggested that while there is 
generally enough hydrological data, there is a lack of ecological information, which leads to 
ecosystems not being appropriately considered by decision-makers. Forest and Bird is 
concerned with ongoing land development (particularly viticulture and olives) in Waipara, as 
it will put even more pressure on the already stretched water resources of the area. The 
need to consider land-use and water use simultaneously was emphasised, and Forest and 
Bird consider it inappropriate to promote new land development when the water required for 
such development is not available. 
Forest and Bird strongly support the RMA and the legislative framework it has established 
and _believe it has enhanced New Zealand's environment. While Forest and Bird 
acknowledge that there are some problems with the RMA, it suggests that the majority of 
' these are associated with implementation rather than the legislation. 
7.4.5 FISH AND GAME 
Fish and Game New Zealand is a crown entity established under the Conservation Act 1987 
to manage, maintain and enhance freshwater sport fishing and gamebird hunting in New 
Zealand. Fish and Game is actively involved in habitat protection work, much of which is 
achieved through planning, advocacy and legal opportunities created by the RMA. 
Overall, the Waipara River is not considered a significant sport fishery due predominantly to 
the low flows which occur during the summer months. A fisheries assessment of the river 
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indicated that low numbers of Brown Trout (Salmo trutta) were only found in the mid to upper 
reaches of the Waipara River (Richardson, 1994). Landowner interviews indicated that the 
Waipara River fishery has declined over the years as a number of landowners recalled 
catching trout in the Waipara during their youth. 
The North Canterbury branch of Fish and Game have submitted on a number/of the surface 
water abstraction consents in the Waipara Area. These submissions have mainly focused on 
the need to preserve fish passage and adequate minimum flows in the river. 
A meeting was held with a representative of the North Canterbury branch of Fish and Game 
New Zealand to discuss current issues associated with water management in the Waipara 
area. Fish and Game expressed concern over the high level 9f irrigJation abstractions from 
the river and highlighted the need for an increased minimum flow, as it does not believe that 
the current minimum flow is adequately protecting the ecosystem of the river. In regard to 
current management, Fish and Game strongly support the need for both regional and 
catchment plans. The current practice of managing water resources via resource consents is 
not supported, as it is not holistic, does not look at the bigger picture and has difficulty 
addressing cumulative effects. The need for improved monitoring and enforcement was also 
raised. 
Fish and Game have recently been involved in two stakeholder processes: (1) to develop a 
flow regime for the Ashley River, {2) to consider the Central Plains Irrigation proposal. While 
both processes were considered useful, it was felt that consultation had commenced in an 
appropriate manner but had been rushed towards the end due to unrealistic timeframes. The 
numerous bureaucratic layers within a number of the organisations associated with resource 
management in New Zealand, is seen as a hindrance to good consultation. 
7.4.6 HURUNUI DISTRICT COUNCIL 
Under Section 31 of the RMA, the Hurunui District Council (HOC) is given responsibility to 
achieve integrated management of the effects of the use, development, or protection of land 
and associated natural and physical resources within the Waipara area. In relation to water, 
the HOC's only direct function under the RMA is to control activities on the surface of rivers 
and lakes. However, by controlling land-use, HOC indirectly influences water use. The 
subdivision of rural land for lifestyle and residential development leads to an increase in 
domestic water usage. The establishment of intensive livestock farming leads to increased 
demand for stock water, and the establishment of horticultural and viticultural activities 
requires irrigation water. The establishment of forestry affects the areas' hydrology by 
increasing evapo-transpiration and reducing runoff (Fahey and Rowe, 1992). 
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Interviews were held with both the Mayor (John Chaffey), and the Engineering Services 
Manager (Bruce Yates) to discuss the current issues associated with water management in 
Waipara. The HDC realise that water is a major issue in the Waipara area and that it directly 
affects economic growth and development of the district. The HDC believe that development 
within the district over the next 1 0 years will be focused on horticultural and viticultural 
activities. Such activities generally require water for irrigation, and lack of water is seen as 
the major limitation to development. 
In response to a strong community desire to develop the area's water resources, the HDC 
facilitated the establishment of the 'Water for Waipara' group in August 1998. The group 
consists of community and HDC representatives and has held numerous meetings to discuss 
the identification and development of the water resources of the ¥'Jaipara area. The group 
has looked at both the development of the groundwater resources of the Waipara Alluvial 
Basin (Loris, 2000) and is currently inve~tigating water harvesting of flows in the Waipara 
River and the potential to import water from the Hurunui Catchment. 
The HDC operates various water supply schemes throughout the Waipara area (Chapter 6), 
for which they hold resource consents from Environment Canterbury to abstract water from 
the Hurunui, Waitohi and Ashley Rivers, and from groundwater near the Waipara Township 
and south east of Amberley. To satisfy increasing demand for water from the rural water 
supply schemes HDC has a programme of ongoing maintenance and upgrades. Recent 
upgrades have extended coverage on the Glasnevin Flats to cater for the recent subdivision 
of numerous larger properties into smaller lifestyle units. The HDC is confident that the rural 
water supply schemes will be able to meet future demands for domestic and stock water 
throughout the area. The HDC's only current concern regarding the rural water supply 
schemes is related to water quality. 
A water supply committee consisting of HDC representatives and elected landowners is 
responsible for management of each of the rural water supply schemes. Applications for 
new connections are determined by the water supply committee who then make 
recommendations to the Works and Services Committee of the HDC. Landowner interviews 
revealed that they strongly support the water committees and appreciate the fact that 
applications to join the schemes are discussed by their peers prior to presentation to the 
HDC. 
In regard to water management, HDC see the lack of both information on the area's water 
resources and a plan for the catchment as a major concern. The rapid development of the 
area over the last 10 years in the absence of a catchment plan, has created uncertainty for 
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the community (particularly developers) and has made it difficult for the HOC to plan land-use 
development. Given the link between land-use and water use, there is need for strong links 
between the HOC and Environment Canterbury particularly in regard to planning, resource 
allocation and consenting. 
7.4. 7 ENVIRONMENT CANTERBURY 
As outlined in Section 7.3, Environment Canterbury is responsible under Section 30 for the 
RMA for promoting of the sustainable management of the water resources of the Canterbury 
Region. Environment Canterbury's current policy and procedures in this regard are outlined 
in section 7.3. An interview was held with the Planning Manager (John Glennie) to discuss 
both the water allocations sections of the NRRP and catchment planning in Waipara. 
Environment Canterbury's current philosophy on water management planning is, that the 
NRRP will provide the framework and determine the management methods to be used, and 
then catchment plans will be developed to determine the site specific issues. Under the 
current schedule, the development of a catchment plan for Waipara will commence in 2003 
with the aim of having the catchment plan operative by 2005. It is envisaged that the 
development of the Waipara catchment plan will follow a similar process to that recently used 
for the Ashley River. 
The Ashley River process involved the establishment of a stakeholder group, use of an 
independent facilitator and the preparation of various reports providing both a description of 
the hydrology and instream values of the river (Mosley, 2001 b), and the implications of 
various flow regimes (Mosley, 2001 a). The stakeholder group was tasked with the 
development of a flow regime that will be presented to Environment Canterbury for formal 
recognition under the RMA. 
7.4.8 COMMON ISSUES 
The issues identified by the stakeholders can be grouped into five main groups each of which 
is discussed below. 
(a) LACK OF A MANAGEMENT PLAN 
The lack of a management plan is highlighted as a major issue both in terms of development 
of the water resources and protection of the environment. A management plan will ensure all 
landowners are subject to the same rules and will provide certainty so that landowners can 
plan the development of their properties. A plan will provide an opportunity to consider the 
environment as a whole, to assess cumulative effects and to ensure the environment is 
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managed sustainably. Under the currant system, many of the stakeholders feel as if the 
issues are repeated with each new consent application. 
(b) CONSULTATION AND LOCAL INPUT 
The development of a Catchment Plan must involve a thorough and appropriate consultation 
process. It is felt that there is a lack of local input into the currant resource consent process. 
It was suggested that landowners should be responsible for implementation of the 
Catchment Plan. 
{c) FUTURE WATER DEMAND AND EFFICIENT WATER USE 
Givan the limited water resources of the Waipara area, there is a need for them to be put to 
the bast possible usa. Water users must usa water efficiently and grow appropriate crops. 
{d) RIVER FLOW AND WATER LEVEL REGIME 
A flow, water laval and water allocation regime is required for the catchment. The regime 
should both protect the environment and give abstractors certainty over the availability of 
irrigation water. 
(e) LACK OF UNDERSTANDING OF THE WATER RESOURCES AND THE ENVIRONMENT 
The lack of understanding of both the water resources (particularly groundwater) and the 
general environment of the Waipara area is seen as a major restriction to both sustainable 
management of the water resources and their efficient development. 
136 
Chapter Seven - Water Resource Management in Waipara 
7.5 RECOMMENDATIONS FOR MANAGEMENT 
The management of Waipara's water resources is continually evolving and this study is part 
of that evolution. Based on the information presented in the previous chapters, the following 
recommendations are made to assist in the sustainable management of the Waipara's water 
resources under the RMA. It is realised that the implementation of the recommendations will 
take time due to the significant economic, social and political issues surrounding water 
management in Waipara. The recommendations have been developed with consideration of 
these wider issues and it is suggested that the recommendations (while being idealised 
outcomes) could realistically be implemented over the next 5-1 0 years. 
7.5.1 GENERAL WATER MANAGEMENT 
(a) CATCHMENT PLAN 
A detailed catchment plan which covers all the aspects of catchment management (water 
quantity, water quality, land-use, soil conservation etc.) is vital to the holistic management of 
the Waipara's resources. Environment Canterbury's commitment to producing such a plan is 
strongly supported by all the stakeholders, all of which indicated that they would like to be 
actively involved in the process. Given the linkages between: groundwater and surface 
water, land-use and water quantity and quality, it is suggested that the process will need to 
be significantly broader than the process recently undertaken for the Ashley River. An 
extensive consultation process with all stakeholders will be necessary to ensure that the 
catchment plan is supported by all. 
(b) USER GROUPS 
The establishment of a water user/landowner group to oversee implementation of water 
allocation schemes is strongly encouraged. Such a group would greatly assist management, 
ensure that the water resources of the Waipara area are put to the best possible use and 
provide the local community with the desired control of local water managE;;ment. It is 
suggested that the 'Water for Waipara' group and the 'Omihi Irrigation Society' together with 
the addition of existing water users could form the basis of a user group. The user group 
should operate in a similar manner to the water committees who manage the rural water 
supply schemes. The user group should be responsible tor ensuring that the flow, water 
level and water allocation regime (established via a catchment plan) is implemented 
appropriately. The user group should also be tasked with compliance monitoring of resource 
consents and the preliminary assessment of resource consent applications. This would have 
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the advantage of providing Environment Canterbury with more time to concentrate on 
understanding the environment and environmental monitoring. 
(c) RESOURCE CONSENTS 
Water permits granted in the Waipara catchment and on the Glasnevin Flats should have 
common expiry dates and common 5 yearly review conditions which allow cumulative effects 
and appropriate water use to be assessed. Given that the water resources of the catchment 
are highly allocated, the complicated nature of the aquifers, the limited recharge rates and 
the lack of long-term monitoring information, a ten to fifteen year consent duration is 
suggested. While this is substantially less than the 35 years currently applied to groundwater 
abstraction consents, it should provide landowners with sufficient certainty and is in line with 
the 12 year duration placed on most of the area's surface water abstraction consents. 
The large number of water abstraction consents which were not exercised in 2000-2001 and 
the low level of actual use indicates that allocation often far exceeds need. It is suggested 
that the current resource consents need to be reviewed to better reflect actual water needs 
and to implement the minimum flows suggested below. 
To overcome the current situation where upstream users can effectively reduce a 
downstream user's ability to abstract, it is suggested that the water users/local landowners 
group should be given the authority to control the exercise of abstraction consents. This is a 
significant departure from the current system where by individual abstractors are only 
responsible to Environment Canterbury, however in a water short area like Waipara it is 
considered necessary. 
(d) EFFICIENT USE 
Pee( pressure (via user/landowner groups responsible for the implementation of water 
allocation regimes) and farm economics are expected to ensure water is used efficiently. 
7.5.2 SURFACE WATER MANAGEMENT 
(a) MINIMUM FLOWS 
The establishment of a minimum flow is a key issue in protecting the instream environment 
and providing certainty to abstractors. The current system of 6 minimum flow sites is ad hoc 
and difficult to implement. New Zealand MfE (1998) recommends that the process by which 
minimum flows are established should include: 
identification of the instream values that are to be sustained, 
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determination of the instream management objective, 
identification of the critical factors that will effect the management objective, and 
determination of the flow requirements that will.meet and sustain the management 
objective. 
In a study on the fishery values of the Waipara River, Richardson (1994) found that eight 
species of native fish inhabit the Waipara River, and that the upper catchment (above White 
Gorge) and the river below State Highway 1 (SH1) have the highest fishery values. It is 
suggested that the upper catchment (above White Gorge} and the lower catchment (below 
the confluence of Omihi Stream} should be managed for native fish, while the middle section 
of the Waipara River, Omihi Stream, Home Creek and Weka Creek should be managed for 
mauri. This is consistent with both the direction given by the draft NRRP and the concerns 
raised by the stakeholders. 
In implementing a minimum flow regime, two issues need to be addressed: the section of the 
river for which the minimum flow will apply and the level of the minimum flow. To account for 
the significant contribution Omihi Stream has on summer flows in the lower reaches of the 
Waipara River, it is suggested that the minimum flow below the confluence of Omihi Stream 
should be based on flow at the T eviotdale flow recorder. While it is not ideal to establish a 
minimum flow regime which is based on flow measurements upstream of abstractors, it is 
suggested that the minimum flow for the main Waipara River down to the confluence of 
Omihi Stream should be based on flow at White Gorge. 
(i} The lower reaches of the Waipara River below the Omihi Stream confluence 
In a study on the minimum flow for native fish in the Waipara River, Jowett (i 994) suggested . 
a minimum flow of 140 1/s would be sufficient to maintain acceptable habitat for native fish in 
the lower Waipara River. This is substantially above the current minimum flow of 80 1/s; 
however Jowett found that at 80 1/s there is little suitable habitat for either torrent fish 
(Cheimarrichthys fosteri) or bluegill bullies (Gobiomorphus hubbsi). During the 2000-2001 
summer the existing minimum flows were not reached but the river went dry below the 
Teviotdale Bridge (Figure 4.7) significantly compromising instream ecology. It is suggested 
that the minimum flow for the Waipara River below the confluence of the Omihi Stream 
should be 140 1/s as measured at the Teviotdale Recorder. 
(ii) The middle and upper reaches of the Waipara River 
Between February 1988 and April 2001, flow in the Waipara River at White Gorge dropped 
below the current minimum flow of 50 1/s for a total of only 67 days (i .4% of the time). Given 
that this period included the significant droughts of 1988-89 and 1998, the infrequent 
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occurrence of the minimum flow indicates that it is set too high. The establishment of a 
minimum flow regime is a very complex issue {New Zealand MfE, 1998) made more difficult 
in Waipara due to the lack of information on the relationship between flow and fishery 
habitats in the upper catchment, and mauri in the middle catchment makes the process more 
complex for the upper and middle sections of the Waipara River. As an interim measure, it is 
suggested that the mean annual 7-day low flow {MALF) should be utilised as the minimum 
flow. This is consistent with information presented by DOC in regard to the Ashley River and 
by Fish and Game in regard to the water conservation order for the Rangitata River in South 
Canterbury (New Zealand Fish and Game Council, 1999). In an integrated water resources 
management study currently being undertaken on the Motueka River (Nelson, New Zealand) 
MALF was found to provide very good protection for brown trout habitat (Bowden, 2002). 
Minimum flow should be established for individual situations and general rules of thumb are 
not transferable (New Zealand MfE, 1998); however the Ashley, Rangitata and Motueka 
rivers give some guidance. 
The 1989-2000 mean annual 7-day low flow in the Waipara River at White Gorge is 88 1/s. 
This is 38 1/s higher than the current minimum flow (50 1/s), and if adopted will lead to a 
reduced security of supply for abstractors. During the period March 1988 to April 2001, 
mean daily flow dropped below 88 1/s on average 11 times a year (Table 4.2 Chapter4), 
which is compared with an average of 6 times a year for 50 1/s. This five day increase (in the 
average annual period when minimum flows would restrict abstraction) is not expected to 
significantly compromise abstractors, especially if water harvesting of flood flows is 
encouraged to augment abstractions during low flow. To acknowledge inaccuracies in the 
measurement of river flow it is suggested that the minimum for the Waipara river between 
White Gorge and the Omihi Stream COJlfluence should be 90 1/s as measured at White 
Gorge. 
(iii} Omihi Stream, Home Creek and Weka Creek 
Large sections of Omihi Stream, Home Creek and Weka Creek are ephemeral during the dry 
summer months under current land-use conditions. Given this ephemeral nature, one could 
question the appropriateness of establishing minimum flows for these watercourses. 
However, the significance of inflow from Omihi Stream on summer flows in the lower 
Waipara river and the significant recharge the area's groundwater resources receive via 
seepage from these watercourses, highlights the need to protect them from over abstraction. 
Discharge rates from the substantial springs adjacent to Omihi Stream immediately above 
Glenray Farm Bridge, are expected to represent the health of both the three watercourses 
and their associated shallow groundwater systems. It is suggested that minimum flows for 
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particularly the Home Creek and Omihi Stream catchments should be based on flow from the 
springs. Flow in Weka Creek has been substantially altered by the construction of the 
Glenmark Irrigation Scheme. The scheme was developed following a thorough investigation 
of the water resources of the catchment (Harrington, 1976; Heiler et al., 1977) which involved 
the establishment of a minimum flow. The scheme is constructed so that during normal flows 
water passes through the intake structure with the minimum flow returned to the river. Given 
that the current allocated abstractions from Weka Creek are for water harvesting of flood 
flows, the significance of minimum flows is somewhat reduced. 
(iv) Implementation 
i 
In implementing minimum flows, consideration must be given to downstream users. Under 
the current system, the potential exists for downstream users to abstract all the water in the 
river without breaching the conditions attached to their abstraction consents. Similarly, 
upstream users can effectively reduce the downstream user's ability to abstract, therefore 
creating an artificial priority of usage. This issue was discussed during the Environmental 
Court hearing for water permit CRC 950255 to abstract water from the Waipara River (RMA 
W1 00/95, 1995). The Environment Court concluded that priority must be given to existing 
users and conditions were attached to the abstraction to ensure this. Rather than use 
consent conditions to implement water allocation, it is suggested that the water users/local 
landowners group should be tasked with implementation of the allocation regime. It is 
envisaged that the user group as a whole would be allocated water from the areas 
watercourses and the group would then determine how the allocation was to be shared 
amongst its members. This will allow users to schedule their water use to take best 
advantage of the flows in the river, encourage efficient water use through peer pressure and 
will help satisfy the desire by many local landowners for more control over the water 
resources of·the area. 
(b) MAXIMUM ALLOCATED VOLUME 
To ensure variability of flows in the Waipara River, an allocation regime is necessary. 
Variability of flow is essential to stream health and protecting the mauri of a waterbody 
(Environment Canterbury, 2001; Te Runanga o Ngai Tahu, 1999; New Zealand MfE, 1998). 
Ideally an allocation regime should involve both a sharing of flow between instream values 
and abstractions and an abstraction limit. Under the current system, existing abstractors 
would (if they all abstracted concurrently and at every opportunity) hold flow in the Waipara 
River at 50 1/s for approximately 110 days per year (Table 7.6) which is excessive. The draft 
NRRP suggests an allocation limit of only 26 1/s which is considered unrealistic given that 
270 1/s is currently allocated from the Waipara River during the summer months. As an 
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interim measure it is suggested that the first 100 1/s above the minimum flow should be 
allocated for abstraction, and then a 50 % sharing between abstraction and instream values. 
Of the 270 1/s currently allocated, consents covering only 145 1/s were actually exercised over 
the 2000-2001 summer. Given that most of the abstractions are not continuous and given 
that they usually don't occur concurrently, it is suggested that the 100 1/s should be sufficient 
to cover existing actual use. It is noted that from early February to late March 2001 flow in 
the Waipara River at White Gorge was constantly below 100 1/s. During this time irrigators 
who have a combined allocation of 145 1/s were able to irrigate without any problems 
suggesting that actual use is was well below the 145 1/s. The suggested allocation scheme 
would cause flow in the Waipara River to be held at 90 1/s (approximately MALF) for slightly 
over 2 months (69 days) per year. Similarly, the allocation regime would encourage 
haNesting of high flows which is seen by the author as the most sustainable method for 
increasing irrigation in the area. 
Table 7.6 Implication of differing Allocation rates on flow in the Walpara River 
Approximate Flow tn the W~tipara River betwe)(m Wnite .. : 
· Ci;orQe and the cc;,nf!uence of Omihi Stream .·. · ' 
l?rQportion of time 
Fle>w· below value 
ID$spri[iltion Vs (%) !Days per year 
Current minimum flow 50 2 7 
Suggested Minimum Flow (MALF) 90 7 26 
Existing minimum flow plus 100 Vs continuous abstraction 150 15 55 
MALF plus 100 1/s continuous abstraction 190 19 69 
Existing minimum flow plus 200 Vs continuous abstraction 250 24 88 
MALF plus 200 1/s continuous abstraction 290 25 91 
Current situation Existing minimum flow plus 282 1/s 370 30 110 
current allocated during summer. 
7.5.3 GROUNDWATER MANAGEMENT 
The draft NRRP indicates that groundwater allocation will be managed so that there is no 
long term decline in mean annual groundwater levels. The lack of historic water level 
readings (particularly from the deeper semi-confined to confined aquifers) makes it 
impossible to assess current trends in water levels. The situation is further complicated by 
pumping effects which reduce the reliability of many of the monthly water level readings. Its 
is suggested that it will require 10 years of monthly readings before trends in groundwater 
can be determined with any certainty. This raises the possibility that significant long term 
decline may have already occurred by the time we have enough data to accurately assess 
trends. It is suggested that the lack of water level data could possibly be overcome through 
runoff and soil moisture simulation models which utilise the extensive precipitation records 
that are available. 
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To sustainably manage the groundwater resource, the volume abstracted annually should be 
no greater than the average annual recharge. The Draft NRRP suggests that the maximum 
allocation should be 50% of the annual recharge. Groundwater recharge is variable 
throughout the Waipara Basin with significant recharge only likely to occur adjacent to Omihi 
Stream, Home Creek and Weka Creek (Section' 5.4.5). The estimated average annual 
recharge to the Canterbury Teviotdale gravel aquifers in the Waipara Alluvial Basin is 
between 19 and 24 million m3 (Section 5.4.6) of which a minimum of 6 million m3 is required 
to cover normal summer decline in the unconfined aquifers, leaving a maximum of between 
13 and 18 million m3 which could potentially be available for abstraction. Current 
groundwater allocations already represent between 18% (18 million m3 recharge) and 25% 
(13 million m3 recharge) of the estimated maximum recharge. Given that recharge is very 
variable throughout the Waipara Alluvial Basin (Chapter 5.4.5) it is suggested that further 
allocation of groundwater in all parts of the Waipara Alluvial Basin other than adjacent to 
Omihi Stream, Home Creek and Weka Creek should proceed with caution. Continuation of 
the recent rapid development of the area's groundwater resources is expected to result in 
over allocation of the groundwater resources. 
7.5.4 ADDITIONAL INFORMATION 
Lack of a thorough and complete understanding of the water resources of the Waipara 
catchment makes management of the resources extremely difficult. It is hoped that this 
study in association with current work being undertaken on the groundwater of the Omihi 
Valley (Finnemore and Pettinga, in press) and the presence of periphyton growths in the 
Waipara River (Hayward, in press), will assist understanding and facilitate management. 
This study has identified a number of areas where additional investigation would be useful 
which are outlined in the following chapter. 
In regard to the current monitoring programme the following suggestions are made. 
(i) Surface Water 
Given the significant contribution flow from Omihi Stream has on low flows in the lower 
Waipara River, it is suggested that a continuous flow monitoring site be established below 
the Glenray Farm Bridge. This would have the additional benefit of monitoring discharge 
from the springs in the area, which would give an indication of the health of the area's 
shallow ground water system. 
(ii) Groundwater 
Continuous water level monitoring undertaken as part of this study indicated that water levels 
in many parts of the Waipara Alluvial Basin are strongly affected by pumping, which reduces 
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the usefulness of monthly point measurements. It is suggested that at least two continuous 
water level monitoring sites be established and the current monthly water level monitoring 
programme revised. Given both the lack of historic waler level data from the deeper semi-
confined and confined aquifers and the increasing use of these aquifers, the monthly water 
level monitoring programme should target boreholes which penetrate these aquifers. 
(iii) Compliance Monitoring 
There is a general lack of compliance monitoring of consent conditions, minimum flows, 
abstraction rates and actual water use within the Waipara Catchment. It is suggested that 
compliance monitoring should be delegated to a user group with external auditing from 
Environment Canterbury. 
7.6 SUMMARY 
This chapter summaries the existing water management structure operative in the Waipara 
. area. Based on analysis of the current management issues and using the information 
generated in the previous sections, various recommendations on future management have 
been made. The key findings in regard to water management in Waipara Catchment are: 
• Water management in the Waipara catchment falls under the jurisdiction of Environment 
Canterbury and the legislative frame work of the Resource Management Act 1991. 
• Environment Canterbury's current policies on water management are summarised in the 
draft chapters of the Canterbury Natural Resources Regional Plan. Environment 
Canterbury currently plans to develop a flow, water level and allocation regime for the 
Waipara River by 2005. 
• Current water management in Waipara is based on the imposition of minimum flow 
conditions attached to abstraction consents. The current minimum flow levels for the 
main Waipara River are insufficient to adequately protect instream ecology, particularly 
fish habitat. 
• Significant land-use change is predicted throughout the Waipara Catchment over the next 
25 years. Much of this land-use change will directly affect water management including 
the predicted afforestation of approximately 5000 ha, a tripling of the area currently in 
viticulture and a large increase in the area irrigated. 
• Five major water management issues were identified. 
1. The need for a comprehensive management plan covering the catchment. 
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2. The need for extensive consultation in the development of the management plan and 
a desire by landowners to have control of implementing the plan. 
3. The need for efficient and appropriate use of the area's water, particularly given that 
demand for water is projected to increase. 
4. The need to develop a flow and water level regime that both protects instream values 
and provides abstractors with certainty of water supply. 
5. The need to improve knowledge of the areas water resources through monitoring and 
research. 
• The following management recommendations were made. 
1. A holistic Catchment Plan for the Waipara catchment should be developed through an 
extensive consultation process. Such a plan should cover both groundwater and 
surface water and the linkage between land-use and water quantity/quality. 
2. A water user/landowner group should be established for the Waipara area to control 
implementation of the catchment plan. The user/landowner group should control the 
exercising of abstraction consents in the areas, be tasked with compliance monitoring 
of consent conditions, and undertake preliminary assessment of new consent 
applications. 
3. The minimum flow in the main Waipara River above the confluence of Omihi Stream 
should be 90 1/s (approximately the 7-day mean annual low flow) as measured at the 
White Gorge flow recorder. The minimum flow below the Omihi Stream confluence 
should be 140 1/s as measured at the Teviotdale flow recorder site. Minimum flows in 
Omihi Stream, Home Creek and possibly Weka Creek should be based on discharge 
from the substantial springs immediately above the Glenray Farm Bridge. 
4. The first 100 1/s above the minimum flows should be available for abstraction above 
which there should be a 50 % sharing between abstraction and instream values. 
5. Groundwater allocation should be based on the average annual recharge rates. For 
the Canterbury/Teviotdale gravel aquifers of the Waipara Alluvial Basin, maximum 
average annual recharge is estimated at between 19 and 24 million m3• However, 
recharge is highly variable throughout the basin and it is suggested that further 
allocation of groundwater in all parts of the Waipara Alluvial Basin other than adjacent 
to Omihi Stream, Home Creek and Weka Creek should proceed with caution. 
6. Environment Canterbury's current monitoring programmes, particularly groundwater 
monitoring in the Waipara area, need to be revised to assist the management of the 
area's water resources. 
In producing the above management recommendations, the main objective of this study has 
been completed. The following chapter represents a brief summary of the key findings and 
outlines the areas where further work is required. 
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SUMMARY AND CONCLUSIONS. 
Chapter Eight - Conclusions 
8 CONCLUSIONS 
8.1 AIMS 
This study was undertaken to provide information on the extent of the water resources of the 
Waipara catchment and the issues associated with their. allocation and management. The 
four major aims of this study were: 
.1. To accurately describe the water resources of the Waipara Catchment. 
2. To identify current water use. 
3. To outline the main water management issues. 
4. To make recommendations on future management. 
The main findings (which have already been summarised in point form at the end of 
appropriate chapters) are broadly stated below and their implications examined. 
8.2 SUMMARY OF FINDINGS 
8.2. 1 RESOURCE DESCRIPTION 
To accurately describe the water resources of the Waipara Catchment, information was 
collected and analysed on the climate, surface water resources and groundwater resources 
of the Waipara Catchment. This allowed a water balance to be completed to determine 
groundwater loss from the catchment and a resource summary to be presented for the water 
resources under both winter and summer conditions (Chapter 6). The water balance 
revealed that of the 771 mm/yr of average annual precipitation, 475 mm/yr is returned to the 
atmosphere via evapo-transpiration and 212 mm/yr flows out to sea via the Waipara River 
which results in a net groundwater movement out of the catchment of 85 mm/yr. While the 
imbalance of 85 mm/yr in the average water balance may result from errors in the estimates 
of precipitation, evapo-transpiration and river flow, the residual is thought to be real and to 
indicate significant groundwater losses from the catchment. It is suspected that much of the 
ground water movement out of the catchment is via flow though the tertiary strata particularly 
in the Omihi Stream catchment. 
(a) CLIMATE 
(i) Precipitation 
There is considerable spatial variation in precipitation throughout the Waipara area and five 
precipitation zones were identified: (1) the Coastal Hills, (2) the flanks of Mount Grey (3) the 
Okuku Range, (4) the Doctors Hills and Weka Pass, and (5) the Omihi Valley and Waipara 
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Township. While precipitation amounts are broadly related to elevation, local influences such 
as rain-shadows and windflow directions also play a significant role. A large section of the 
central Waipara catchment (Omihi Valley, Weka Pass and the Doctors Hills), receive limited 
rainfall due to precipitation shadows created by the Coastal Hills in the east, and Mount Grey 
and Mount Karetu to the south. Mean annual 1951-2000 precipitation varies from 625mm in 
Balmoral and Waipara Township to over 1400 mm on the summit of the Okuku Range. 
Precipitation is evenly spread throughout the year with most of the precipitation falling during 
localised high intensity storms. Conversely, annual precipitation is highly variable and is 
controlled by regional weather patterns. 
Based on precipitation records from '14 sites, the 1951-2000 mean annual precipitation for 
the Waipara Catchment was 771 mm/yr ± 5 %, of which the upper catchment received 51% 
(838 mm/yr over 331 km2), Omihi Stream and Home Creek 23% {772 mm/yr over 157 km2) 
and Weka Creek 11% {693 mm/yr over 87 km2). 
(ii) Evapo-transpiration 
The water resources of the Waipara area are dominated by the effects of evapo-transpiration 
which causes low flows in the area watercourses and significant soil water deficits during the 
summer months. Actual evapo-transpiration rates range from slightly over 400 mm/yr to 
approximately 550 mm/yr throughout the catchment. Actual evapo-transpiration is limited by 
the availability of water particularly during the summer months and is strongly influenced by 
the variability of soils throughout the catchment. High rates of evapo-transpiration during the 
summer months, lead to significant soil moisture deficits that limit vegetation growth and 
create a large demand for irrigation water particularly in the Waipara basin. Significant 
evaporation occurs from the area's waterbodies with many small stock water dams drying up 
over the summer. However, because of the limited area of the waterbodies, evaporation of 
surface water makes a small contribution to the catchment water balance. 
{b) SURFACE WATER 
The flow pattern in the watercourses of the Waipara catchment is strongly seasonal and 
while the 1989-2000 mean annual flow in the Waipara River at the White Gorge recorder was 
3148 1/s, mean monthly flows varied from 520 1/s during January to 7285 1/s during July. 
Utilising a runoff model, the 1951-2000 mean annual flow was calculated at 3308 1/s which 
suggests that the 1989-2000 was slightly drier than the long-term average (confirmed by 
precipitation records). Flow in the Waipara River is characterised by long periods of low flow 
and large infrequent short duration flood events which reflects the lack of storage within the 
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catchment and the storm related nature of the area's precipitation. During periods of low 
flow, Omihi Stream contributes approximately 50% of the flow that passes the Teviotdale 
recorder site, while at times of high flow, runoff from the upper catchment becomes 
dominant. 
There is considerable variation between the surface watercourses of the area in regard to 
their connection with groundwater. The Waipara River gains flow from tributary inflow over 
most of its length, and is not significantly connected to groundwater other than below the 
Teviotdale Bridge and in small sections of the upper catchment. Flow in Weka Creek, Home 
Creek and Omihi Stream is strongly connected to groundwater with significant gains and 
losses to and from groundwater. 
(c) GROUNDWATER RESOURCES 
Historically, the search for groundwater in the Waipara area has focused on relatively small 
semi-permeable to permeable old buried river channels within the Canterbury Gravel and 
Teviotdale Gravel deposits. The aquifers are of limited thickness (generally <10m), are not 
laterally extensive, do not transmit water very fast (transmissivity ranges between 18-92 
m2/day) and when pumped, experience large drawdowns. Water yields from the wells and 
boreholes in the area are generally low, with yields greater than 10 1/s the exception rather 
than the rule. 
A recent borehole has suggested possible additional aquifers within the deeper Tertiary rock 
units of the area. This is supported by the presence of sinkholes and the identification of 
losses in flow where the watercourses cross Tertiary rock units. 
Regular, relatively small scale pumping, results in water levels over large areas of the 
Glasnevin. Flats being held at an artificially lower level for long periods over the summer 
months. Boreholes in the area have long recovery rates and generally do not fully recover 
between pumpings. Well interference effects and induced drawdowns are significant in the 
closely spaced wells and boreholes in the new subdivisions on the Glasnevin Flats. 
Groundwater recharge throughout much of the area is both limited and extremely slow due to 
low precipitation, high evapo-transpiration rates, the presence of fragipans in the soil profile 
and the low permeability of the clay bound gravels that dominate the area. Seven recharge 
categories were identified for the gravel aquifers of the Waipara Alluvial Basin, of which only 
one (the confined and semi-confined aquifers adjacent to Home Creek, Omihi Stream and 
Weka Creek) is expected to have significant recharge. Upward movement of groundwater, 
from within the Tertiary rock units along fault and fracture surfaces is expected to recharge 
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some of the deeper gravel aquifers. Excluding the upward movement of deep groundwater, 
the estimated average annual recharge to the Canterburyn-eviotdale gravel aquifers in the 
Waipara Alluvial Basin is between 19 and 24 million m3. 
8.2.2 CURRENT WATER USE 
An extensive process of landowner and water user interviews allowed actual water use within 
the Waipara area to be assessed for the first time. While this process did not involve actual 
measurement of individual abstractions, landowners were able to give good estimates of 
their actual water use during the 2000-2001 summer. When compared to the volume of 
water allocated by Environment Canterbury under current resource consents, this information 
highlights the fact that water allocation is often far in excess of actual use. It is noted that 
while heavy rain in October and November 2000 delayed the start of the summer irrigation 
season, the lack of rain in autumn resulted in an extension of the irrigation season and 
overall the 2000-2001 summer was considered fairly typical in terms of water use. 
(a) SURFACE WATER 
The surface water resources of the Waipara Catchment are highly utilised with a total of 
1491 1/s currently allocated via 28 resource consents. In addition, numerous properties tap 
springs and abstract surface water under Environment Canterbury's General Authorisations. 
Water abstractions from Home Creek, Weka Creek and Omihi Stream are generally for water 
harvesting of high flows and occur predominantly during the winter, while water abstractions 
from the Waipara River are dominated by summer abstractions. During summer, the main 
Waipara River is over allocated, with potential abstraction rates exceeding normal summer 
supply. Under the current regime (when the flow in the Waipara River at White Gorge is 
immediately above 50 1/s ), the downstream users are authorised to abstract 184 1/s or three 
times the actual water available. It is noted that of the 360 1/s which has been allocated from 
the watercourses of the Waipara area for direct summer irrigation, only 164 1/s or 46 % was 
actually exercised during the summer of 2000-2001. 
Rural water supply schemes cover a large part of the Waipara Catchment and import 
approximately 900 m3 of water into the catchment per day for domestic and stock water 
requirements. Without the schemes, the viability of a number of the properties in the areas 
would be seriously compromised. 
(b) GROUNDWATER 
Since 1996, rapid development of the area's groundwater resources has occurred. Current 
allocation of groundwater from the Canterburyn"eviotdale Gravel Aquifers, stands at 18 013 
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Based on information generated during this study the following management 
recommendations were developed to address the current management issues and to ensure 
that the water resources of the Waipara Area are man~ged in a sustainable manner under 
the RMA. The initial recommendations cover broader scale policy issues and then flow on to 
cover the specifics of implementation in Waipara. 
(a} CATCHMENT MANAGEMENT PLAN 
A holistic Catchment Plan for the Waipara catchment should be developed through an 
extensive consultation process. Such a plan should cover both groundwater and surface 
water, the linkage between land-use and water quantity/quality and include a flow, water 
level and allocation plan. As the catchment plan will fall under the framework of the RMA, its 
development will be subject to the extensive consultation requirements of the RMA. Given 
the high level of interest and concern regarding the water resources of the area, it is 
suggested that a stakeholder group be established to assist in the development of the 
catchment plan. Such a stakeholder group should be facilitated by Environment Canterbury 
and include representation from: local landowners and water users, Ngai TOahurirri 
ROnanga, the Department of Conservation, the Royal Forest and Bird Society, the Fish and 
Game Council and the Hurunui District Council. 
(b) WATER USERS/ LANDOWNERS GROUP 
A water user/landowner group should be established for the Waipara area to control 
implementation of the catchment plan. The user/landowner group should have authority to 
control the exercise of abstraction consents and be tasked with: scheduling abstractions to 
meet the flow and alloc?tion regimes, compliance monitoring of consent conditions, and the 
preliminary assessment of new consent applications. It is envisaged that the user group as a 
whole would be allocated water from the areas watercourses and the group would then 
determine how the allocation was to be shared amongst its members. This will allow users 
to schedule their water use to take best advantage of the flows in the river and encourage 
efficient water use through peer pressure. Such a group would ensure 'hands on' 
management of the areas water resources and provide the local community with the 
autonomy it desires tor local water management. 
(c) WATER USE 
The large number of water abstraction consents which were not exercised in 2000-2001 and 
the low level of actual use indicates that allocation often far exceeds need. It is suggested 
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that the current resource consents need to be reviewed to better reflect actual water needs 
and to implement the suggested minimum flows and allocation regime outlined below. 
(d) FLOW, WATER LEVEL AND ALLOCATION REGIME 
(i) Minimum Flows 
In developing a flow regime for the watercourses in the Waipara area, the principle concern 
is the establishment of suitable minimum flows. For the main Waipara River, it is suggested 
that the minimum flow should be 90 1/s (as measured at White Gorge) for that section of the 
river from White Gorge down to the Omihi Stream confluence and 140 1/s (as measured at 
the Teviotdale recorder) below the confluence of Omihi Stream. Minimum flows of this 
magnitude will adequately provide for native fish habitat in the lower reaches of the river 
while not significantly compromising existing abstractions from the river. Minimum flows in 
Omihi Stream, Home Creek and possibly Weka Creek should be based on discharge from 
the substantial springs immediately above the Glenray Farm Bridge. Discharge rates from 
the springs are expected to represent the health of the three watercourses and their 
associated shallow groundwater systems. In order to implement this minimum flow, there is 
need to establish a continuous flow recorder at or near the Glenray Farm Bridge. The 
minimum flows need to be implemented in a manner where the minimum flow is maintained 
for the whole of the reach and existing abstraction consents should be reviewed to ensure 
this is achieved. 
(ii) Surface Water Allocation Regime 
In regard to the development of a surface water allocation regime, it is suggested that in the 
main Waipara River the first 1 00 1/s above the minimum flows should be available for 
abstraction, above which there should be a 50 % sharing between abstraction and instream 
values. Such a regime would safeguard the current level of actual water usage while 
encouraging water harvesting of flood flows to augment abstractions during low flows. 
(iii) Groundwater Allocation Regimes 
The volume of water allocated from groundwater should be based on average annual 
recharge rates. For the Canterbury!Teviotdale Gravel aquifers of the Waipara Alluvial Basin 
average annual recharge is estimated at between 19 and 24 million m3. However, recharge 
is highly variable throughout the basin and it is suggested that further allocation of 
groundwater in all parts of the Waipara Alluvial Basin other than adjacent to Omihi Stream, 
Home Creek and Weka Creek, should proceed with caution. 
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(e) ALTERNATIVE SOURCES OF WATER 
Summer flows in the watercourses of the Waipara area are already over allocated. Similarly 
groundwater recharge throughout much of the area is limited. To overcome this, water 
harvesting of high flows to augment water abstraction during summer low flows should be 
promoted. 
(f) MONITORING AND RESEARCH 
Environment Canterbury's current monitoring programmes in the Waipara area (particularly 
groundwater monitoring) need to be revised to assist the management of the water 
resources. Suggested improvements to the monitoring programmes are given in Chapter 
7.5.3. Similarly recommendations for further investigations are given in Section 8.5 below. 
8.2.4 PRESENTATION OF FINDINGS 
Wherever possible ArcView GIS (Geographical Information Systems) has been used to store 
and present the data. This has ensured that the information is easily accessible and will 
allow future studies to readily use the data that have been generated. 
8.3 IMPLICATIONS OF FINDINGS 
The main implications of the findings are that the water resources of the Waipara area are 
very limited, already highly allocated, and likely to face increasing demand for their use and 
development. Given the large potential the area has for horticultural and viticultural 
development, water managers are going to face increasing challenges as they balance 
instream values against out-of-stream uses. To overcome the current over allocation of 
summer flows in the area's watercourses, there is a need to ensure efficient water use and to 
encourage water harvesting of high flows to augment summer abstractions. Similarly, the 
low groundwater recharge rates for most of the Waipara area indicates that further allocation 
of groundwater should proceed with caution. Continuation of the recent rapid development 
of the area's groundwater re~ources is expected to result in over allocation. 
8.4 FURTHER INVESTIGATIONS 
This study has helped to describe both the water resources of the Waipara area and the 
numerous issues associated with their management. In order for our understanding to be 
refined further, the following investigations should be undertaken. 
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(a) CLIMATE 
A precipitation gauge should be established at a high elevation (possibly the top of Mount 
Grey or Mount Karetu), to allow improvement of the rainfall elevation model. 
The soil water measurements (neutron probes} currently being undertaken by numerous 
landowners in the area should be used to refine the estimate of actual evapo-transpiration in 
the areas which are irrigated. 
{b) SURFACE WATER 
A gauging run along the main Waipara River at high flow to assess tributary inflow should be 
undertaken, to compliment the low flow and medium flow gauging runs undertaken during 
this study. Also a detailed gauging run between Laidmore Road and White Gorge to identify 
any losses to groundwater. 
The runoff model for Weka Creek (developed for the Glenmark Irrigation Scheme) should be 
updated along with the development of models for Omihi Stream and Home Creek. Such 
models would greatly assist in the establishment of minimum flows, especially given the 
extensive precipitation records that are available. 
For the major springs immediately above Glenray Farm Bridge, chemical analysis, tracer 
studies and monitoring of discharge rates should be investigated to confirm that the springs 
are directly connected to surface water flows in Home Creek, Omihi Stream and Weka 
Creek. 
Baseflow regression analysis of the flow data from both the White Gorge and Teviotdale 
recorder sites should be carried out. This would further clarify the significant contribution 
flow from Omihi Stream has on low flows at the Teviotdale recorder. 
(c) GROUNDWATER 
Aquifer tests are required to determine aquifer properties throughout the basin and to explain 
the presence of a number of boreholes in the Waipara Alluvial Basin which have unusually 
high yields and high artesian pressures. As an initial priority, such tests should target the 
confined aquifers adjacent to Omihi Stream, Home Creek and Weka Creek. 
Chemical analysis and dating of groundwater should be undertaken for the recharge zones 
identified in this study and should be comparable with the earlier work undertaken by Loris 
(2001 ). 
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Seepage tests of the bed of the Waipara River and the continuous monitoring of water levels 
in a borehole adjacent to the river should be done to confirm the lack of groundwater surface 
water interaction. 
Seepage tests of the bed of Omihi Stream, Home Creek and Weka Creek and the 
continuous monitoring of water levels in boreholes adjacent to the three systems, should be 
done to confirm that groundwater is directly connected to surface water in those zones, and 
to further estimate flow losses to groundwater. 
(d) WATER BALANCE 
A quantitative water balance model should be developed for the Waipara Catchment using 
GIS (Geographical Information Systems) technologies and simulation models (e.g. Topnet, 
IQQM). Such a model would enable better assessment of the consequences of spatial 
heterogeneity. The model should be used to predict likely future water balances for the 
Waipara catchment to assess the effects of the predicted future land-use changes, differing 
water allocation regimes and the potential effects of climate change. 
(e) WATER MANAGEMENT 
As previously recommended, the completion of a holistic catchment management plan via a 
thorough consultation process is vital for the efficient and sustainable management of the 
water resources of the Waipara Catchment. 
This study is presented to provide background information on the ,extent of the water 
resources of the Waipara catchment and the issues associated with their allocation and 
management. The water resources of the area are of limited extent and face considerable 
demand for use and development. Summer flows in the area's watercourses are already 
over allocated and continued development of groundwater will inevitably lead to over 
allocation. Similarly current water allocations are far in excess of actual water use. It is 
hoped that the community and those responsible for water management will use the 
information presented, to ensure that the water resources of the Waipara catchment are 
managed in a sustainable and efficient manner. 
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ABBREVIATIONS 
AcrView A GIS computer program used to manipulate and present information. For this 
study ArcView GIS versions 3.2a was used. 
CRC Canterbury Regional Council 
DOC Department of Conservation 
GIS Geographical Information Systems 
HELP Hydrology for the Environment, Life and Policy programme. HELP is a joint 
UNESCO/WMO programme which is designed to establish a global network of 
catchments to improve the links between hydrology and the needs of society. It is 
a cross cutting programme of the UNESCO International Hydrological Programme 
and will contribute to the World Water Assessment Programme (WWAP), and the 
Hydrology and Water Resources Programme of WMO. 
HOC Hurunui District Council 
IQQM The Integrated Quality and Quantity Model. A planning model, developed by New 
South Wales Department of Land and Water Conservation that is used to 
investigate impacts of water resources management options in systems. 
MALF the 7 day Mean Annual Low Flow. In any given year the seven-day low flow is the 
lowest average flow over seven consecutive days for every seven consecutive day 
period in the year. 
MfE Ministry for the Environment 
NIWA National Institute of Water and Atmospheric Research, New Zealand 
NRRP Canterbury Natural Resources Regional Plan currently in draft form 
RMA Resource Management Act 1991 
SH 1 State Highway 1 where it passes through the Waipara Catchment 
T opnet a catchment model developed by N IWA to predict the effects on river flow of slow 
changes in vegetation, Topnet makes use of GIS (Geographical Information 
System) databases and is designed to model a catchment as a collection of sub-
basins linked by a branched river network. Other database variables such as 
vegetation, rainfall, and soil type are used to characterize each sub-basin. 
UNESCO United Nations Educational Scientific and Cultural Organisation 
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APPENDICES 
The Appendices tor this document are included on the attached CD, and are arranged 
according to chapters. The Appendices include: 
CHAPTER 3· CLIMATE 
Appendix 3.1 Description of the rain-gauges of the Waipara area and inclusion of the 
monthly precipitation data. 
Appendix 3.2 Calculation of 1951-2000 precipitation normals for the rain-gauges of the 
Waipara area. 
Appendix 3.3 Evapo-transpiration data from the Waipara area and the calculation of 1951-
2000 Priestly Taylor evapo-transpiration normals for the climate stations in 
the Waipara Area. 
Appendix 3.4 Thornwaite soil water balance undertaken at 14sites in the Waipara Area. 
CHAPTER 4 SURFACE WATER RESOURCES AND USE 
Appendix 4.1 Regression Relationship between flow in the Waipara River at White Gorge 
and flow at the T eviotdale Recorder Site. 
Appendix 4.2 Description of Gauging sites and inclusion of gauging data. 
Appendix 4.3 Regression Relationship between flow in the Waipara River at White Gorge 
and flow at other sites along the river. 
Appendix 4.4 Description of the two flow models used to extend the flow record for the 
Waipara River at White Gorge. 
Appendix 4.5 Description of springs located in the Waipara Catchment. 
CHAPTER 5 GROUNDWATER RESOURCES AND USE 
Appendix 5.1 Borehole details from boreholes recently drilled in the Waipara Area. 
Appendix 5.2 Calculation of groundwater fluctuations in the Waipara area over the 2000-
2001 Summer. 
Appendix 5.3 Borehole details from the boreholes within which continuous water level 
monitoring was undertaken. 
CHAPTER 6 WATER BALANCE AND RESOURCE SUMMARY 
Appendix 6.1 Groundwater outflow calculations for flow through the gravels which underlie 
the Glasnevin Flats 
CHAPTER 7 WATER RESOURCE MANAGEMENT 
Appendix 7.1 Interview Questionnaire and format which was used during stakeholder 
interviews. 
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